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SUMMARY
An i n v e s t i g a t i o n  to  e l u c i d a t e  the  pathogenic  mechanisms of  
Trichomonas v a g in a l is , the f l a g e l l a t e  protozoan of man responsible for  
the sexual ly transmitted disease trichomonal v a g in i t i s  was undertaken.  
The research was undertaken in col labora tion  with Dr M.J. North and Dr
B.C. Lockwood of  the Univers i ty  o f  S t i r l i n g .
The p r o j e c t  inv o lved  the  use o f  models o f  the  tr ichomonad  
i n f e c t i o n  in c lu d in g  an in v ivo  the  subcutaneous mouse model, an 
intravaginal  mouse model developed as part  of  th is  p ro jec t ,  an in 
v i t r o  model of  the in te rac t ion  of  T. vaginal is  and mammalian c e l l s ,  
again developed fo r  th is  p ro jec t .
As v irulence is bel ieved to attenuate with prolonged c u l t iv a t io n  
in v i t r o  a co l lec t ion  of  fresh iso la tes  was obtained from patients  at  
Glasgow Royal In f irmary gen i to -ur inary  c l i n i c .  This c o l lec t ion  of  
iso la tes  was then compared fo r  t h e i r  e f f e c t  in each of the models: 
growth k inetics  in axenic cu l ture  were measured as generation time is 
thought to corre la te  with virulence of  iso la tes ;  the c y to to x ic i ty  of  
iso la tes  towards mammalian c e l ls  was measured and compared to growth 
r a t e  o f  subcutaneous le s io n s  in mice and i n f e c t i v i t y  to  mice 
in t r a v a g in a l ly .  I t  was found tha t  some c orre la t ion  did occur between 
ef fec ts  in the subcutaneous and intravaginal  mouse models and the 
e f fe c t  on mammalian c e l l  l in e s ,  but no corre la t ion  occurred between 
e f f e c t  in these models and growth k inetics  of  iso la tes  in axenic 
cu l tu re .  Some biochemical propert ies of the c o l lec t io n  of  iso lates  
were also investigated by our co-workers at S t i r l i n g  Univers i ty ,  these 
inc luded a comparison o f  o r n i t h i n e  decarboxy lase  a c t i v i t y  and a 
comparison o f  p r o te in a s e  a c t i v i t y  in the  i s o l a t e s .  Again ,  no 
corre la t ion  was found between these a c t i v i t i e s  and the e f fec ts  of 
iso la tes  in the models used.
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The models used to compare iso la tes  were used to tes t  the e f fec ts  
of  a number o f  i n h i b i t o r s .  F i r s t l y ,  the  e f f e c t  o f  l e u p e p t in ,  an 
i n h ib i t o r  of  cysteine proteinase a c t i v i t y ,  was examined in each of the 
models. Cysteine proteinases are known to be present in large amounts 
in T. v a g i n a l i s , a l though t h e i r  r o l e  in the  b io c h e m is t ry  o f  the  
paras i te  is unknown. Cysteine proteinases have been implicated in 
p a t h o g e n i c i t y  o f  some o t h e r  p a r a s i t i c  p ro tozoa  e . g .  Entamoeba 
h i s t o l y t i c a  and f o r  these  reasons a p o t e n t i a l  r o l e  o f  c y s te in e  
proteinases in trichomonad pathogenicity was investigated.
At concentrations which had only a s l ig h t  in h ib i to ry  e f fe c t  on 
growth in axenic c u l tu re ,  leupeptin t o t a l l y  prevented trichomonad 
c y t o t o x i c i t y  towards mammalian c e l l s  in v i t r o ; an e f f e c t  on the  
subcutaneous mouse model was observed although leupeptin proved highly  
tox ic  to mice. Numerous var ia t ions  in method were tested to achieve 
maximum e f fe c t  of  leupeptin e .g .  m u l t ip le  dosing, route,  times of 
administrat ion and pretreatment,  however the maximum e f fe c t  achieved 
was a de lay  in growth o f  subcutaneous l e s i o n s ,  r a t h e r  than an 
i n h ib i t io n  of  lesion growth. The e f f e c t  of  leupeptin on intravaginal  
in fect ions in mice was invest iga ted ,  mice infected in t ra va g in a l ly  with 
T. vagina l is  were trea ted  in the same way as achieved maximum e f fe c t  
against the subcutaneous in fe c t io n ,  however, no e f f e c t  on i n f e c t i v i t y  
was observed.  These r e s u l t s  t h e r e f o r e  i n d i c a t e  t h a t  c y s te in e  
proteinases are involved in pathogenicity  of  T. vaginal is  although 
they are by no means the only fa c to r  and may play a minor ro le  in the 
h o s t - p a r a s i t e  r e l a t i o n s h i p .  This  was a lso  in d i c a t e d  by the  work 
c a r r i e d  out at  S t i r l i n g  showing t h a t  p r o t e in a s e  a c t i v i t y  o f  the  
var ious  i s o l a t e s  did not appear to  c o r r e l a t e  w i th  v i r u l e n c e  as 
measured by any of  our models.
The same model systems were then used to invest iga te  the effects
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of di f luoromethylorni th ine  (DFMO). This is a spec i f ic  in h ib i to r  of
o r n i t h i n e  d e carboxy lase ,  an enzyme inv o lv ed  in the  synthes is  o f  
polyamines, most commonly putrescine,  spermidine and spermine which 
are  known to  be r e q u i re d  f o r  tr ichomonad growth a lthough t h e i r  
function has not yet  been prec ise ly  defined.  A l in k  between polyamines 
and tr ichomonad i n f e c t i o n  has been suggested by the  presence o f  
putrescine in the vaginal f l u i d  of  trichomoniasis p a t ien ts .  DFMO has 
excited in te res t  as a potent ia l  drug against polyamine biosynthesis 
and so preventing growth of  in fect ious  organisms and tumours, and i t  
has been shown to be e f f e c t i v e  against cer ta in  protozoan in fect ions,  
espec ia l ly  trypanosomiasis.
Again at concentrations which had only a s l ig h t  in h ib i to ry  e f fe c t  
on growth of  trichomonads in axenic cu l tu re ,  DFMO t o t a l l y  prevented 
T. vagina l is  c y to to x ic i ty  toward mammalian ce l l  l ines  in v i t r o ; an
e f fe c t  on the subcutaneous mouse model was also observed but again
th is  was a delay in lesion growth u n t i l  a f t e r  treatment had stopped 
ra ther  than a to ta l  i n h ib i t io n  of  lesion growth; again th is  dose 
regime appeared to have no e f f e c t  on intravagina l  i n f e c t i v i t y .  I t  can 
be concluded t h e r e f o r e  t h a t  polyamines do p lay  some r o l e  in
pathogenici ty ,  although again th is  may be minor. The work carr ied out 
at S t i r l i n g  University  also showed that  no corre la t ion  occurs between 
levels of  orn i th ine  decarboxylase a c t i v i t y  of  iso la tes  and viru lence  
in our models.
The th i rd  i n h i b i t o r  investigated was D,L-propargylglycine which 
is a spec i f ic  i r r e v e r s ib le  i n h i b i t o r  of  homocysteine desulphurase and 
m e t h i o n i n e - 9 - ly a s e  and i n h i b i t s  product ion  o f  m e th a n e t h io l .  
Methanethiol has been found to be important,  in some bacter ia  and 
higher plants in which i t s  ecological  function is to repel parasites  
and pathogenic fungi .  As T. vagina l is  is known to produce methanethiol  
and propargylglycine in h ib i ts  the enzymes involved in i t s  production I
x
decided to investiga te  the potentia l  ro le  methanethiol might play 
p a r t i c u la r l y  in establ ishing an int ravagina l  in fect ion  where many 
types of  bacter ia  may in te rac t  with trichomonads.
In axenic cu l ture  trichomonad growth is not inh ib i ted  at 10- ^M 
D,L-propargylglycine although c e l ls  grown at th is  concentration had no 
homocysteine desulphurase a c t i v i t y .  On the in te rac t ion  of  trichomonads 
and mammalian c e l ls  in v i t r o  th is  concentration had no e f f e c t .  For the 
in vivo models, trichomonads were grown p r io r  to the in fec t ion  in 
medium c o n t a in in g  10” ^M p r o p a r g y l g l y c i n e ,  then in f e c t e d  both  
subcutaneously and in t r a v a g in a l ly .  Using the subcutaneous model no 
dif fe rence  in ra te  of  abscess growth was observed although results  fo r  
the  i n t r a v a g i n a l  model i n d i c a t e d  t h a t  tr ichomonads grown in the  
presence o f  p r o p a r g y l g l y c i n e  have a lower  i n f e c t i v i t y  f o r  mice 
i n t ra v a g in a l ly .  Therefore,  propargylglycine had no e f f e c t ,  at the 
c o n c e n t ra t io n s  t e s t e d ,  in any o f  the  models except  f o r  the
in travaginal  model. This may ind ica te  tha t methanethiol is important
in establ ishing an in fec t ion  by having some e f fe c t  on bacter ia  which
may be detrimental to the trichomonads.
The e f fe c ts  of  these in h ib i to rs  not only reveals the importance 
of these enzymes in the host -paras i te  in te rac t ion  but also allows the 
comparison of models used and emphasizes some of the advantages and 
disadvantages of  each. The e f fe c ts  of  these in h ib i to rs  cannot be 
de tected  in axenic  c u l t u r e  as although the  compounds i n h i b i t  
tr ichomonad enzymes they  are  not l e t h a l  to  the  trichomonads in 
cu l ture ,  and a more appropriate model of  the trichomonad in fec t ion  in 
v i t ro  is the in te rac t ion  between trichomonads and mammalian c e l l s .  The 
ef fec ts  of  both leupeptin and DFMO are apparent using both th is  model 
and the subcutaneous model although perhaps a more appropriate in vivo 
model o f  the tr ichomonad h o s t - p a r a s i t e  r e l a t i o n s h i p  is the
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intravagina l  in fect ion  which is the only model in which the e f f e c t  of 
propargylglycine can be detected.  The re s u l ts ,  th ere fore ,  emphasize 
t h a t  the  d i f f e r e n t  models are  probably  measures o f  d i f f e r e n t  
parameters of  the trichomonad in fe c t io n .
The in v i t r o  model of  the trichomonad/mammalian c e l l  in te rac t ion
has the advantage of  being more v e r s a t i l e  and th is  model was used to
fu r th e r  invest iga te  the mechanisms of trichomonad pathogenicity.  
Mammalian ce l l  monolayers were exposed to spent trichomonad cu l tu re  
medium, concentrated spent medium and various trichomonad lysates,  a l l  
of which appeared to have some detr imental  e f fe c ts  on the mammalian 
c e l l s .  F in a l l y ,  the e f fec ts  of  trichomonads on mammalian c e l ls  wi th in  
a mixed cu l tu re  were tested when actual contact was prevented by a 
membrane b a r r ie r .  The presence of the b a r r ie r  t o t a l l y  prevented the 
e f f e c t  on the  mammalian c e l l s  and in d i c a t e d  t h a t  e i t h e r  the
trichomonads must come into contact with mammalian c e l ls  to damage 
them or whatever tox ic  substance is produced by them cannot pass
through a membrane of 0.45uM pore s ize .
Metronidazole (F lagyl)  is the 5 -n i t ro im idazo le  rou t ine ly  used for  
the treatment of  t r ic h o  moniasis. Since i t s  introduct ion 25 years ago 
an increasing number of  reports have been made of  trichomoniasis 
patients  f a i l i n g  to respond to treatment and an in v i t r o  t e s t  was 
devised to determine whether th is  was due to trichomonad resistance to 
metronidazole or to some other fa c to r .  However, l i t t l e  work had been 
carr ied out using in vivo models fo r  screening fo r  metronidazole  
resistance.  I t  was decided, there fore ,  to use the subcutaneous mouse 
model and our in travagina l  model and compare metronidazole s e n s i t i v i t y  
of iso la tes ,  as detected by these models, t o - t h e  resul ts  fo r  an in 
v i t r o  t e s t .
Iso lates of  T. vagina l is  were obtained from c l in ic ia n s  t rea t in g  
trichomoniasis patients  who proved d i f f i c u l t  to cure e f f e c t i v e l y .
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Results  obta ined suggested a strong c o r r e l a t i o n  between i s o l a t e  
s e n s i t i v i t y  in each of the models tested.  The systems developed fo r  
tes t ing  metronidazole s e n s i t i v i t y  in these models can now be used fo r  
screening new anti - tr ichomonal compounds.
This  p r o j e c t  has,  t h e r e f o r e ,  achieved the  development o f  a 
mammalian c e l l  model in v i t r o , although these had previously been 
used, my own model has modif icat ions which make i t  more e f f i c i e n t  than 
those used by previous workers. We also developed a completely new, 
simple and s tra ight forward,  in travagina l  mouse model which w i l l  be of  
great value to other trichomonad researchers both fo r  studying the 
host-parasi te  re la t ionsh ip  and fo r  chemotherapeutic screenings. We 
have shown that  a l l  our models can be used to detect dif fe rences in 
trichomonad iso la tes  but that these models are probably measuring 
d i f f e r e n t  parameters of  the trichomonad in fe c t io n .  The project  has 
revealed tha t  cysteine proteinases and polyamines are both involved in 
the host-paras i te  re la t ionsh ip  although t h e i r  roles may be minor and 
actual contact is also important.  Methanethiol may have a ro le  in 
e s t a b l i s h i n g  an i n t r a v a g i n a l  i n f e c t i o n  by r e p e l l i n g  b a c t e r i a  
d e t r im e n t a l  to  the  t r ichomonads,  and r e s u l t s  o f  m e t ro n id a zo le  
s e n s i t i v i t y  tests  have confirmed reports tha t  metronidazole resistance  
e x is ts .  In vivo model systems were developed su i tab le  fo r  screeriing 
fo r  new anti-tr ichomonad compounds with metronidazole as a comparison.
1.0 INTRODUCTION
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1.1.  TRICHOMONAS VAGINALIS AND OTHER TRICHOMONADS -  THE PARASITES
1 .1 .1 .  C la ss i f ica t io n
Trichomonas vaginal is  is a pathogenic protozoan paras ite  which 
i n h a b i t s  the  u r o g e n i t a l  t r a c t  o f  man and causes the  s e x u a l l y -  
transmitted disease trichomoniasis or trichomonal v a g in i t i s .
The c la s s i f i c a t io n  of  th is  organism and other trichomonads is at  
present as fol lows:
Phylum: Protozoa
Subphylum: Sarcomastigophora
Superclass: Mastigophora
Class: Zoomastigophorea
Order: Trichomonadida
Honigberg (1963) d iv id e d  the  o r d e r  Trichomonadida  i n t o  4 
f a m i l ie s .  One of these,  the Trichomonadidae was f u r t h e r  subdivided 
i n t o  the  s u b f a m i l i e s :  Tr ichomonadinae , c o n t a in in g  the genus
Trichomonas ( including Trichomonas v a g in a l is , T. tenax from the oral  
c a v i t y  o f  man, and T. g a l l i n a e  from fowl and p igeons) ;  the  
Pent ra t r ichom ona d inae  c o n t a in in g  the  genus Pent atr ichomonas  
( including Pentfatrichomonas hominis from the d igest ive  t r a c t  of  man; 
and the  T r i t r i c h o m o n a d i n a e , i n c lu d in g  the  genus Tr i t r ichom onas  
( i n c l u d in g  T r i t r ich om onas  f o e t u s , from the  u r o g e n i t a l  t r a c t  of  
c a t t l e ) .
The order Trichomonadida comprises single  cel led organisms whose 
locomotor organel les are f l a g e l l a .  Reproduction is asexual by binary  
f i s s io n .  Members of  the Trichomonadida have 4-6 f l a g e l l a ,  of  which one 
is  t r a i l i n g  and may be a t ta ch ed  to  form an u n d u la t in g  membrane. 
Trichomonads have an axostyle and parabasal body (Honiberg, 1978).  
True cyst stages appear not to occur. Trichomonas vagina l is  i t s e l f  has 
4 a n te r io r  f l a g e l l a  and a short undulating membrane which extends
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approximately h a l f  way down the body of the c e l l .  I t  has no t r a i l i n g  
f l a g e l l u m ,  the f i f t h  r e c u r r e n t  f l a g e l l u m  t e r m i n a t in g  w i th  the  
undulating membrane. The capitulum of the axostyle is moderately 
extended and the parabasal body is rod-shaped.
Other species of the order Trichomonadida were also investigated  
in th is  study, namely Tritrichomonas foe tus ,  which is a paras ite  of 
the urogenital  t r a c t  of  c a t t l e  and causes septic abortion (Honigberg, 
1978). This has 3 an te r io r  f l a g e l l a ,  one poste r io r  f lage l lum passing 
into a long t r a i l i n g  fa lge l lum.  I t  has a wel l -developed undulating 
membrane running the f u l l  length of  the body and a th ick  axostyle  
sharply pointed at  the poste r io r  end. The parabasal body is rod-shaped 
and very long.
P ent ra t r icham onas  h om in is ,  the  a p p a re n t ly  non-p ath ogenic  
inhabi tant  of  the in te s t in e  of  man was also studied.  This has f i v e  
a n t e r i o r  f l a g e l l a ,  f o u r  in one group and one s o l i t a r y  f l a g e l l u m  
beating in independent rhythm. The poster io r  f lagel lum passes into a 
long t r a i l i n g  f lagel lum.  The undulating membrane is wel1-developed and 
extends to the termination of  the body. The axostyle is of  medium 
width  and the  cap i tu lu m  of  the  a x o s ty le  is  widened by l a t e r a l  
membranes. The parabasal body is composed of one or several granules 
surrounded by an e l l i p t i c a l  or spherical  zone.
F igure  1 shows a diagrammatic  r e p r e s e n t a t io n  o f  Trichomonas 
v ag ina l is .  The major i ty  of  my studies concerned th is  paras i te  with 
o th e r  trichomonads being used only  in some comparative  s t u d i e s .  
Consequently ,  I s h a l l  c o n c e n t ra te  on T. v a g i n a l i s  and human 
t r i c h o m o n ia s is  in my i n t r o d u c t i o n , but s h a l l  compare w i th  o th e r  
species and diseases where appropriate.
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Figure 1: Diagrammatic representat ion of  Trichomonas vag ina l is  based 
on Electromicrographs.
Derived from M.H. Nielsen et a l .  (1966).
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1 .1 .2 .  The s tructure  of Trichomonas vaginal is
1 .1 . 2 .1 .  Light microscopy
Honigberg and King (1964) described the morphological d e ta i ls  of  
T. vagina l is  using phase contrast l i g h t  microscopy. They found that  
the shape of the ce l l  is v ar iab le ,  a c t iv e ly  swimming forms being 
e l l ip s o id a l  or ovoidal ,  sometimes spher ica l .  Al l  s t ra ins  have the 
capacity to form pseudopodia-l ike extensions which are said to be used 
in feeding and fo r  attachment to s ta t ionary  objects.  The protozoan has 
4 f l a g e l l a  o r ig ina t ing  in an a n te r io r  basal granule complex from which 
the undulating membrane and costa also a r is e .  The f ree  edge of the 
membrane consists of the accessory f i lament and the recurrent f i f t h  
f lagel lum.  The poster io r  end of the costa is usual ly obscured by the 
terminal  segment of  the undulating membrane. Two rows of paracostal  
granu les  (hydrogenosomes) are  v i s i b l e  in haematoxy1i n - s t a i n e d  
p r e p a r a t io n s  and in l i v i n g  organisms viewed in a p h a s e -c o n t ra s t  
system. The axostyle has a widened capitulum of about one th i rd  of  i ts  
to ta l  length extending a n te r io r ly  into a small crescent-shaped pe l ta .  
The trunk of  the axostyle is a th in  rod passing through the centre of  
the organism and project ing from the poster io r  surface.  The parabasal 
body can o f t e n  be seen as a v -shape .  The e l l i p s o i d a l  or  ovoida l  
nucleus is  s i t u a t e d  near the  a n t e r i o r  end o f  the  body, o f te n  
containing a small ,  spherical  nucleolus in a chromatin-free area.  
There is no cytostome and food p a r t ic le s  are ingested in the poster io r  
region by f in e  pseudopodia-l ike processes.
1 .1 . 2 .2 .  Electron miscroscopy
The f i r s t  published studies of the f in e  structure  of  T. vaginal is  
were carr ied out by Inoki et a l . (1960).  They found that  T. vaginal is  
possessed a double-layered nuclear membrane with pores, a lamellar  
Golgi apparatus and f l a g e l l a  with 9 peripheral  double f i b r i l s  and one
central  f i b r i l .  Ludvik et a l . (1961, in Jirovec & Petru,  1968) studied 
u l t r a th in  sections and to ta l  preparat ions shadowed with beryl l ium and 
chrome. They found four a n te r io r  f l a g e l l a  of  equal length (15-22>jm) 
consist ing of 10-11 f i b r i l s  forming a bundle surrounded by a f l e x i b l e  
sheath, 9 f i b r i l s  being arranged in a c i r c l e  and one or two f i b r i l s  
being c e n t ra l .  The undulating membrane was 1 - 1 . 6^m th ic k ,  the e x t e r io r  
border being formed by a f in e  marginal f i b r i l .  In the middle of the 
undulating membrane is the f i f t h ,  recurrent f lagel lum.  This ends in 
the f i r s t  h a l f  of  the ce l l  body along with the undulating membrane; i t  
is never free and t r a i l i n g .
The f l a g e l l a  and undulating membrane ar ise  in the group of f i v e  
basal granules  s i t u a t e d  in the  te r m in a l  p a r t  o f  the  a x o s t y l a r  
c ap i tu lu m .  A n t e r i o r l y  the a x o s ty le  forms a t h i c k  c a p i tu lu m .  The 
parabasal body (5-6,um long, lum wide) l ie s  in the a n te r io r  part  of  the 
ce l l  body mostly dorsal to the nucleus. Most cytoplasmic,  osmiophil ic  
granules are crowded around the spindle or drop-shaped nucleus and 
along the axostyle.  Finer granules occur especialy along the costa 
beneath the undulating membrane.
N ie lsen  e t  a l .  (1966) c a r r i e d  out e x t e n s iv e  s tu d ie s  on T. 
vaginal is  u l t ra s t ru c tu re  (see Figure 1 ) .  They found that  the nuclear  
membrane is an ordinary 3 layered membrane about /mm wide. Most nuclei  
contain several large electron dense granules,  e i t h e r  nucleol i  or 
clusters  of  chromatic m a te r ia l .  The parabasal body is a Golgi zone 
located near the a n te r io r  pole opposite the axosty le,  measuring about 
0.5-1.5um and composed of f l a t te n e d ,  layered c is te rnae.  Vesicles that  
appear to arise from individual  cis ternae by constr ic t ion  or budding 
are present,  a l l  have a t r i p l e - l a y e r e d  membrane 7-lQum wide. The 
sheath of  the a x o s ty le  c o n s is ts  of  a monolayer o f  50-55  t u b u l a r  
f ib re s .  Four of the basal granules (kinetosomes) have p a ra l le l  long
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axes and are d is t r ibuted  r a d ia l l y  around the f i f t h  granule to which 
the recurrent f lagel lum is attached, Each T. vagina l is  ce l l  has at  
least two f l a g e l l a r  f ib res  (costae) and a parabasal f i lament attached 
to the kinetosomes by f ib re s .  The costa is longer and wider than the 
f i lament .  I t  is located near to the attachment of  the undulating 
membrane. The parabasal f i lament  l i e s  nearer to the centre of the 
c e l l .  The recurrent f lagel lum is attached to the undulating membrane 
along i t s  e n t i re  length.  The endoplasmic ret iculum is found frequently  
as a corona around the nucleus and is always abundant in the cytoplasm 
i n s id e  the  c ap i tu lum  o f  the  a x o s t y l e .  Free ribosomes are a lso  
dis t r ib u ted  throughout the cytoplasm.
1 .1 .3 .  Biochemistry and Cel l Biology
The general biochemistry of  Trichomonas has been studied in some 
de ta i l  and reviewed by Honigberg (1978).  However, I shal l  only discuss 
the biochemistry of  trichomonads tha t  has some relevance to th is  work, 
namely polyamines and proteinases.
1 .1 . 3 .1 .  Proteinases
Proteinases have been found in a l l  p a ra s i t i c  protozoa studied,  
w hich i n c l u d e  Plasmodium  s p e c i e s  ( A i s s i  e t  a l . ,  1983;  
Dejkr iengtra ikhul & W i la i r a t ,  1983),  Entamoeba h i s t o l y t i c a  (Goldberg 
et a l . ,  1982; Avi la  et a l . ,  1985),  Leishmania mexicana (Coombs, 1982),  
trypanosomes (North et a l . ,  1983) and Trichomonas species (Coombs & 
North, 1983).  This was reviewed by North (1982).
In 1979 McLaughlin and M u l l e r  rep o r ted  t h a t  a lo w -m o lecu la r  
weight proteinase pu r i f ied  from Tritrichomonas foetus  appeared to be 
of the cysteine type and the sole major proteinase present.  Coombs 
(1982) detected r e la t i v e l y  high levels of  a c t i v i t y  in Trichomonas 
vagina l is  and these were found to be due to m u l t ip le  forms of cysteine  
proteinases (Coombs & North, 1983). Subsequently, Lockwood et a l .
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(1984) detected at least 4 p ro te o ly t ic  a c t i v i t i e s  in the lysates of 
each of T. v a g in a l is , T. foetus  and T. batrachorum (a non-pathogenic 
trichomonad iso lated from the large in te s t in e  of  the leopard frog,  
Rana p i p i e n s ) . Electrophoretic  studies using polyacrylamide tube gels 
containing denatured haemoglobin showed tha t  the two parasites of  the 
urogenital system, Trichomonas vagina l is  and Tritrichomonas foetus  
were more s im i la r  to each other than to Trichomitus batrachorum in 
terms of the complexity of  the proteinase band patterns observed. The 
enzymes were s e n s i t i v e  to  the  p r o t e in a s e  i n h i b i t o r s  TLCK, TPCK, 
iodoacetic acid,  leupeptin and anti  pain,  and they required DDT for  
optimal a c t i v i t y  suggest ing t h a t  they  were c y s te in e  p ro te in a s e s  
(Lockwood et a l . ,  1987).
Inh ib i to rs  of  proteinases are known to ex is t  in plasma (Andersson 
et a l . ,  1979).  Lushbaugh et a l .  (1981) demonstrated that cytotoxic  
a c t i v i t y  of  lysate  from Entamoeba h i s t o l y t i c a  was dependent upon 
removal of  serum from the t issue cu l ture  assay system, and id e n t i f i e d  
the factors in non-immune sera responsible fo r  producing in v i t ro  
in h ib i t io n  of  amoebal toxin c y t o to x ic i ty  towards Hela c e l l s .  The high 
m olec u la r  weight  i n h i b i t o r y  f r a c t i o n  they  found was i d e n t i f i e d  
predom inant ly  as cx -2 -m acrog lo b u l in  and a low m o lec u la r  weight  
in h ib i to ry  f rac t io n  was id e n t i f i e d  as predominantlycx- l -ant iprotease.  
The charac te r is t ics  of  the serum in h ib i to rs  suggested that the amoebal 
toxin has proteinase a c t i v i t y .  As yet l i t t l e  is known about in h ib i t io n  
of  tr ichomonad p ro te in a s e s  by serum f a c t o r s ,  a l though these are  
p o s s ib ly  r e l e v a n t  to my s tu d ie s  e s p e c i a l l y  those i n v o lv in g  the  
in teract ion  of  trichomonads and mammalian c e l ls  in v i t r o .
Lushbaugh et a l . (1984) c l a r i f i e d  the proteinase nature of E. 
h is t o l y t i c a  cytotoxin and also confirmed that a corre la t ion  existed  
between cy to to x ic i ty  and proteinase a c t i v i t y  (Lushbaugh & Pittman,
1982). The evidence fo r  a l in k  between trichomonad proteinases and 
c y t o t o x i c i t y  w i l l  be discussed in a l a t e r  s e c t i o n .  The known 
product ion  of  p ro te in a s e s  by tr ichomonads and the  l i n k  between 
cy to to x ic i ty  and proteinase a c t i v i t y  in £. h i s t o l y t i c a  encouraged my 
investigation into the possible ro le  of  proteinases in the trichomonad 
host-parasi te  re la t ionsh ip .
1 .1 .3 .2 .  Polyamines
Because o f  i t s  c e n t r a l  r o l e  in  t h e  u re a  c y c l e  and t h e  
biosynthesis of  polyamines, the enzymology of arginine catabolism has 
been extensively studied in animals. Less a t tent ion  has been paid to  
the c a tab o l ism  o f  t h i s  amino acid  in microorganisms d e s p i t e  i t s  
possible importance as a precursor of  polyamines.
L instead and Cranshaw (1983) observed t h a t  when Trichomonas 
vaginal is  grew in defined and semi-defined media, argin ine was rap id ly  
depleted from the medium. At the same time there was an increase in 
the amount o f  o r n i t h i n e  in the  medium. The t h r e e  enzymes o f  the  
arginine dihydrolase pathway were a l l  detected in ext racts  of  T. 
vagina l is  (see Figure 2 ) .  The occurrence of  th is  pathway of argin ine  
catabolism is unusual in a eukaryotic organism, although r e l a t i v e l y  
common in prokaryotes.  Linstead and Cranshaw suggested that the major 
role of  the pathway would be to produce orn i th ine  fo r  biosynthesis of  
polyamines; the observed presence of the f i r s t  enzyme of the polyamine 
biosynthetic pathway, orn i th ine  decarboxylase, lent support to th is  
p o s s ib i l i t y .  The importance of  the arginine catabolism pathway as a 
source of ATP is unknown. In laboratory cu l tu re  glucose is u t i l i z e d  
more rapid ly  than argin ine (Mack & Mul ler ,  1978) and glycolysis  and 
pyruvate catabolism are usual ly considered the major source of ATP in 
T. v a g in a l is . However, argin ine is present at very high levels in the 
e x t r a c e l lu la r  f lu id  of mammals (Currie et a l . ,  1979) and may make a
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Figure 2: Polyamine metabolism in Trichomonas v ag in a l is .  Pathways tha t  
are present (— >) and not known ( -  -  - > ) .  Key to enzymes: 
(1) arginine deaminase; (2) o rn i th in e  carbomoyl t ransferase;  
(3)  o r n i t h i n e  d e carboxy lase;  (4)  carbonate  k in a s e ;  (5)
putrescine aminopropyltransferase or spemidine synthetase;
r r(6) spemidine aminopropyltransferase or spem^ne symthetase;
(7) SAM decarboxylase; (8) SAM synthetase; (9) conversion of
methyl adenosine to methionine.
(Figure courtesy of  Dr K.W. Thong).
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s i g n i f i c a n t  c o n t r i b u t i o n  to  the  energy ba lance o f  Trichomonas 
vaginal is  in i t s  natural  h a b i ta t .
The polyamine content of  Trichomonas vaginal is  does not conform 
to  any g e n e r a l l y  accepted p a t t e r n  found in p rokaryo tes  or  o th e r  
eukaryotes (White et  a l , t 1983).  The paras i te  contains much more 
p u t r e s c i n e ,  and has a h ig h e r  p u t r e s c in e /s p e r m id in e  r a t i o  than  
mammalian t issues or other protozoa (Raina & Janne, 1975; Tabor & 
Tabor, 1984).  Also, spermine appears to be present in T. vag ina l is  at  
typ ica l  mammalian lev e ls .  White et a l . (1983) also confirmed the
presence of orn i th ine  decarboxylase in T. vag ina l is .
Chen et a l . (1982) and Sanderson et  a l . (1983) both reported 
putrescine and cadaverine occurring in vaginal washings from patients  
with tr ichomoniasis.  I t  was also reported that putrescine was secreted 
by T. vag ina l is  in large amounts (Sanderson et a l . ,  1983).
North e t  a l .  (1986) dete rmined the  polyamine conten t  and 
orn i th ine  decarboxylase a c t i v i t y  fo r  three species of  trichomonad, T. 
v a g in a l is , Tritrichomonas foetus  and Trichomitus batrachorum.  In a l l  3 
species the  major polyamine was p u t r e s c i n e ,  the  product o f  the  
orn i th ine  decarboxylase reaction.  Treatment of  Trichomonas vaginal is  
with  < x - d i f l u o r o m e t h y lo r n i t h in e  (DFMO), a s p e c i f i c  i r r e v e r s i b l e  
i n h i b i t o r  o f  o r n i t h i n e  d e ca rbox y las e ,  reduced the  l e v e l  o f  
i n t r a c e l l u l a r  orn i th ine  decarboxylase a c t i v i t y  yet  growth was only 
s l i g h t l y  a f fec ted .  Although the amount of  putrescine was reduced there  
were s t i l l  high concentrations of  polyamine present.  This suggests 
that  there is an a l t e r n a t i v e  source of  polyamines. Radioactively  
labe l led  putrescine is taken up from the growth medium by T. vaginal is  
(North et  a l . ,  1986) and so e x t r a c e l lu la r  putresciene could provide 
th is  source.
As T. vaginal is  growing in cul ture  does not require the high 
orn i th ine  decarboxylase a c t i v i t y  normally present in the c e l l s ,  th is
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raises doubts about the need fo r  polyamine biosynthesis in v i t r o .  In 
vivo an a l t e rn a t iv e  source o f  polyamines may not be ava i lab le  and so 
i n h i b i t i o n  o f  o r n i t h i n e  decarboxy lase  could have an e f f e c t  i f  
polyamines are essent ia l .
As polyamines are present in a l l  eukaryotes and are thought to  
have many functions in the synthesis and s tructure  of  macromolecules 
(Pegg & Jacobs, 1983), th is  has led to investigations of  polyamines as 
potentia l  ta rgets  fo r  antimetabolic chemotherapy (McCann et a l . ,  
1981).  A major advance in the use of  o rn i th ine  decarboxylase as a 
chemothereapeutic ta rget  was the development of  the i n h ib i t o r  already  
mentioned, DFMO (Metcal f  et  a l . ,  1978).  DFMO slows or completely 
blocks c e l l  d iv is ion in mammalian c e l l  cu l tures ,  p r e f e r e n t i a l l y  act ing  
on rap id ly  div id ing tumour c e l ls  or transformed c e l l  l ines  as opposed 
to c e l l  l ines  derived from normal t issues (Mamont et  a l . ,  1978; Luk et  
a l . ,  1980).  DFMO underwent t r i a l s  in humans as an anti  tumour agent 
(Janne et  a l . ,  1978). Studies with DFMO on a short term, rap id ly  fa ta l  
Trypanosoma brucei  brucei  in fec t ion  in the laboratory  demonstrated i t s  
curat ive  property on i t s  own (Bacchi et a l . ,  1980) or in combination 
with the antitumour agent, bleomycin (McCann et  a l . ,  1981; Bacchi et  
a l . ,  1982) and the e f fec ts  in vivo of  DFMO on the metabolism and 
morphology on th is  paras ite  were invest igated by Bacchi et a l .  (1983).  
DFMO a lso  suppresses l a b o r a t o r y  i n f e c t i o n s  o f  T. b. rhodesiense  
(McCann et  a l . ,  1981), T. congolense (Karbe et a l . ,  1982) and of  
Eimeria te n e l la  (Hanson et a l . ,  1982).
Sjoerdsma and Schechtor (1984) described c l i n i c a l  observations in 
patients  with African trypanosomiasis successful ly trea ted  with oral  
doses of DFMO, as well as reviewing the e f fe c ts  of  DFMO on various 
protozoan paras i tes.  They suggested that  the e f f ic a c y  of  DFMO as a 
growth in h ib i to r  appeared to be re la ted d i r e c t l y  to the ra p id i ty  of
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re p l ic a t io n  of the p a r t i c u la r  c e l l u l a r  system and the degree of i ts  
depedency on orn i th ine  as a putrescine source. These factors seem to 
explain the s u s c e p t ib i l i t y  of  Afr ican trypanosomes.
At the s ta r t  of  my studies there were no publicat ions containing  
information on the e f f e c t  of  DFMO on trichomonads. The f inding of high 
levels  o f  polyamines in the vaginal washings o f  patients  suf fering  
from trichomonasis suggested a possible l in k  between polyamines and 
survival  of  trichomonads in the ur inogeni ta l  t r a c t  and the high levels  
of polyamines secreted by trichomonads indicated a possible ro le  in 
p a t h o g e n i c i t y .  The s u s c e p t i b i l i t y  o f  A f r i c a n  trypanosomes to  an 
i n h ib i t o r  of  polyamine production and i t s  s u i t a b i l i t y  fo r  use in 
humans led to my investiga tion  of  the e f fec ts  of  DFMO on trichomonads 
in vivo and in v i t r o .
1 .2 .  HUMAN TRICHOMONIASIS -  THE DISEASE
1 .2 .1 .  Epidemiology
1 .2 . 1 .1 .  Geographic D is t r ibu t ion
Human trichomoniasis is endemic in many and possibly a l l  major 
populations of  the world.  Reports of  incidence in populations have 
come from several European countries including the U.K. (Whitt ington,  
1957).  I t  is not possible from the data a va i lab le  to know i f  the 
disease occurs more frequently  in some countries than others, but i t  
appears, however, that  cl imate or genetic make-up plays l i t t l e  part  in 
determining in fect ion  ra tes.
The average frequency of  in fec t ion  with Trichomonas vaginal is  is 
about 10% in normal populations (2-15%, Kuceva, 1957) but can be as 
high as 25%, as Nagesha et  a l . (1970) reported from Ind ia .  Incidence 
varies with the age of  the populat ion,  as the maximum in fect ion  rate  
occurs during the years of  highest sexual a c t i v i t y  (Mascal l , 1954).  
Many reports of  trichomoniasis incidence wi th in  populations are based
13
on data  taken from p a t i e n t s  a t t e n d in g  u r i n o g e n i t a l  c l i n i c s  or  
gynaecological patients  and so i t  is concluded that these are un l ike ly  
to r e f l e c t  the s i tua t ion  in the population as a whole. Zrubek and 
Szymanski (1985) studied the incidence of T. vaginal is  in factory  
workers in Poland, and resul ts  f o r  the mostly married,  multiparous 
women of reproductive age, showed the presence of  T. vaginal is  in only 
4% of  them. This is much less than other authors have reported and 
they concluded t h a t  the  m a j o r i t y  o f  s t u d i e s ,  which are based on 
gynaecological pa t ien ts ,  overestimate the incidence of trichomoniasis  
in the population as a whole.
1 .2 . 1 .2 .  D is t r ibu t ion  wi th in  the Population
Transmission of T. vaginal is  by sexual intercourse is indicated  
by the d is t r ib u t io n  of  in fec t io n  wi th in  the populat ion,  fo r  example, 
Petru (1964, in Jirovec & Petru,  1968) found only 23.7% of the married 
women he examined to be p o s i t ive  fo r  T. vaginal is  w h i ls t  48.2% of the 
divorced women were pos i t ive .
Burch et  a l .  (1959) found prevalence to be greatest in women aged 
30-49 years.  Herbst et  a l .  (1960) studied prevalence of  T. vaginal is  
amongst prison inmates and showed th a t  prevalence of  in fect ion  amongst 
prisoners varied with age group: prevalence was lower in the 51-79 
year age group than in the 17-50 age group.
Prevalence of  T. vaginal is  in the male population has been more 
d i f f i c u l t  to  determine s ince  the  i n f e c t i o n  is  mostly  l a t e n t  or  
subclinical  and therefore  does not bring the male to consult a doctor  
or c l i n i c  in the  m a j o r i t y  o f  cases.  In the  p a s t ,  T. v a g i n a l i s  
infect ions  of  the human male were considered rare ,  but reports have 
become more numerous e s p e c i a l l y  in connection  w i th  n o n - s p e c i f i c  
u r e t h r i t i s  (N .S .U . ) .  Whilst  inves t iga t ing  the cause of recurrence of  
trichomonal v a g in i t i s ,  Karnaky (1938) found trichomonads in 38 out of
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150 husbands of infected women; they were found in the prostate ,  
urethra or preputial  sac. Lancely and McEntegart (1953) inoculated 
v o lu n te e rs  i n t r a - u r e t h r a l l y  and found t h a t  3 out o f  5 developed  
u r e t h r i t i s  from which the  protozoa  were recovered  f o r  d i f f e r e n t  
p e r io d s .  Only one p a t i e n t  c o m p la in e d . o f  symptoms and these were 
t r i v i a l .  The in fect ion  appeared to be s e l f - l i m i t i n g  and the period 
during which the protozoa could be found varied from 4-94 days.
Subsequently, Robinson et  a l .  (1965) reported that  15% of the 
female adult  population they examined carr ied  trichomonads whereas the  
corresponding male segment of  the population showed an in fect ion  ra te  
of less than 5%. The authors,  however, commented upon the d i f f i c u l t y  
in i d e n t i f y i n g  the  organism in males and so t h e i r  e s t im a t io n  o f  
prevalence in the male population may be low.
In fect ions  with T. vaginal is  are not l im ited  to adul ts .  Early  
workers suggested that  female babies may bcome infected from t h e i r  
mothers at b i r t h .  I t  is thought that T. vaginal is  can s e t t l e  only in 
an oest ro g en ized  envi ronm ent .  B r e a s t - f e d  babies  are under the  
inf luence of  t h e i r  mother's oestrogen fo r  several weeks a f t e r  b i r t h .  
Doderlein's Lactobaci l lus  is present in the vagina of  newborn g i r l s  
and glycogen is abundant in the e p i t h e l i a l  c e l l s ,  representing the  
same environment as in healthy,  adult  women. Trichomonads are acquired 
during b i r th  i f  the mother is infected with the paras i tes,  although 
another  p o s s ib le  cause o f  i n f e c t i o n  in  newborn babies is  h ig h ly  
unhygienic condit ions.  There are no records of  duration of in fect ion  
in newborns as infected babies are t reated immediately and can be 
cured r e l a t i v e l y  quickly .  T. vaginal is  is very rare in g i r l s  and 
v i rg in s ,  but the incidence of in fec t ion  rap id ly  .increases a f t e r  g i r l s  
become sexual ly act ive  (Peter ,  1957).
I t  is  obvious from the  evidence presented  t h a t  T. v a g i n a l i s  
infect ions in women are most highly prevalent during the period of
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high oestrogen levels in the woman's body i . e .  from puberty to the 
menopause. However, th is  i s ,  of  course, the most highly sexual ly  
act ive period of  a woman's l i f e  and therefore  r is k  of  in fect ion is 
considerably greater  during these years due to l i f e s t y l e  alone. I t  i s ,  
there fore ,  unknown whether an oestrogenized environment is necessary 
fo r  trichomonal in fec t ions .  The incidence of trichomonad in fect ion  in 
newborn babies would ind ica te  the necessity of  oestrogen, although the 
longevity of  such in fect ions is e n t i r e l y  unknown, and the fac t  that  
post-menopausal  women can s u s t a in  i n f e c t i o n s  would i n d i c a t e  the  
opposite.
1 .2 . 1 .3 .  Transmission
I t  is now accepted tha t  T. vagina l is  is spread pr im ar i ly  as a 
sexually transmitted disease although controversy s t i l l  remains as to  
the extent to which non-venereal transmission can occur. At the F i rs t  
In ternat ional  Symposium on Trichomonad In fec t ions ,  Rheims, May 1957, 
i t  was agreed that human tr ichomoniasis is usual ly transmitted by 
sexual intercourse.
The p o s s ib i l i t y  of  transmission o f  T. vaginal is  by other means 
than sexual intercourse has been suggested by several authors. There 
are many instances of  female babies becoming infected from t h e i r  
mothers at b i r t h .  Other possible routes of  transmission have also been 
investigated although despite the p o s s i b i l i t i e s  of  non-sexual routes 
of transmission,  the current evidence is that the vast major i ty  of  
cases of  trichomoniosis a r ise  from paras i te  transmission through 
sexual contact (C ate ra l l  & N i c o l l ,  1960; Robinson et a l . ,  1965).
The i n f l u e n c e  o f  the  tr ichomonad i n f e c t i o n  on the  vagina l  
epithelium w i l l  be de ta i led  in a l a t e r  section ( 1 . 5 . 2 ) ,  however, the 
symptoms produced by t h i s  i n t e r a c t i o n  w i l l  be discussed here .  
Inflammatory changes occur in the vaginal epithel ium, these resemble
in appearance mucous membranes observed in precancerous s t a te s  
(Kazanowska, 1 96 2 ) ,  and warnings about the  p o s s i b i l i t y  o f  f a l s e  
diagnosis were made by Bechtold and Reicher (1952).  Occasional ly, the 
presence o f  both cancer and tr ichomonads is  observed ( B e r t i n i  & 
Hornstein,  1970).  Extreme cytological  disturbances,  however, are seen 
in a r e l a t i v e l y  small number of  trichomoniasis cases and in most 
instances a cerv ical  smear shows only minor morphological changes. In 
many cases there may be a complete absence of c l i n i c a l  symptoms.
T. vagina l is ,  however, does not inhabit  the vagina exc lus ive ly ,  
but can also colonize the ur inary  t r a c t  (Kean & Weld, 1955).  Kean 
suggested a re la t ionsh ip  between T. vaginal is  and recurrent c y s t i t i s  
caused by Escherichia c o l i  and other bacter ia ;  the bacter ia  possibly  
being carr ied  to the bladder by trichomonads. T. vaginal is  can survive  
in the female urethra,  paraurethral  glands and in mucous crypts but 
causes less damage than in the vagina.  Evidence of trichomonads in the 
urine has been provided by many authors and, as mentioned above, i t  is  
thought by some that relapses have t h e i r  o r ig in  in urethra l  in fe c t io n .
1 .2 .2 .  Diagnosis
Diagnosis of  T. vaginal is  in fec t ion  cannot be based on 
c l i n i c a l  symptoms a lo n e ,  e s p e c i a l l y  in c hron ic  or  l a t e n t  cases.  
Microscopical examination must be carr ied out, and when negative  
complemented by c u l t i v a t io n ,  th is  is the method rout ine ly  used in 
genito ur inary  c l i n i c s .  The necessity of  c u l t i v a t io n ,  a time consuming 
and expensive process has been quest ioned but has r e c e n t l y  been 
confirmed (P h i l ip  et a l . ,  1987).
Trichomonads are most abundant two days fa l lowing menstruation.  
In a weak i n f e c t i o n  the  number o f  f l a g e l l a t e s  is  low and the  
p r e p a r a t io n  can e a s i l y  be m is ta k e n ly  considered n e g a t i v e .  I f  no 
f l a g e l la te s  can be found in the vagina, the urethra,  paraurethral
ducts and greater  v es t ibu la r  glands are examined. Careful records are 
made of c l i n i c a l  f indings in the vagina, cerv ix and external geni ta ls  
of amount, colour,  smell and appearance of  vaginal secret ion.
Microscopical examination may be confused by mot i le leucocytes 
attached to spirochaetes,  f l a g e l l a te d  bacter ia ,  sperm or c i l i a t e d  
c e l ls ;  these can be mistaken fo r  trichomonads. Coutts et  a l .  (1959),  
there fore ,  recommended the use of  unstained dry smears observed under 
dark f i e l d  microscopy to show c le a r ly  v is ib le  f l a g e l l a .  Starzyk et  a l .  
(1958) recommended the addit ion of  0.1% safranin ,  and H o l t o r f f  (1957,  
in Honigberg,  1978) f a c i  lijjated f i n d i n g  T. v a g i n a l i s  in n a t i v e  
preparations by adding b r i l l i a n t  cresyl  blue. With these s tra ins  only 
dead f l a g e l l a t e s  are stained in te ns ive ly ,  red or blue respect ive ly .  
L iv in g  f l a g e l l a t e s  remain unsta ined  in c o n t r a s t  to  le u c o c y te s ,  
e p i t h e l i a l  c e l ls  etc .  in preparat ions.
The medium used fo r  c u l t i v a t io n  of  T. vaginal is  fo r  diagnostic  
purposes in c l i n i c a l  laboratories  is usual ly one of  Johnson's CPLM, 
Vt-boui l lon  (Magara) and Feinberg's.  C u l t iva t ion  has been found to  
inc rea se  the  number o f  p o s i t i v e  cases de tec ted  by a t  l e a s t  10%, 
although ins tances  occur where a n e g a t iv e  r e s u l t  is  obta ined  in  
cul ture  even when the microscopical f inding was p o s i t ive .  Consequently 
the use of  both methods is recommended.
More re c e n t  i n v e s t i g a t o r s  e .g .  Fouts and Kraus (1980) have 
confirmed that  the p a t ie n t 's  c l i n i c a l  symptoms are not s u f f i c i e n t  fo r  
the diagnosis of  trichomoniasis in women. 56% of the infected women 
studied had discharge and 18% dysuria,  however, these symptoms were 
equally common amongst women attending the gen i to -ur inary  c l i n i c  but 
who did not have trichomoniasis.
Amsel et  a l .  (1983) described the d i f f i c u l t i e s  in diagnosis of  
yeast  and trichomonad v a g i n i t i s .  These can be confused w i th  the
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v ag in i t i s  caused by small Gram-negative ro d - l i k e  bacter ia ,  Gardnerel la
v a g i n a l i s ,  which are n o rm a l ly  p resent  in the  vagina; t h e i r
pathogenicity is dependent upon t h e i r  number. Diagnosis of  v a g in i t i s
due to th is  bacter ia  is based la rge ly  on the presence of 'c lue  c e l l s '
( e p i t h e l ia l  c e l ls  covered with bacter ia  in vaginal smears). Symptoms
by
of G. v ag i n i t i s  are s im i la r  to v a g in i t i s  caused^ Candida spp, the 
gonococcus, and T. vagina l is .
The existence of  serotypes among iso la tes  of  T. vaginal is  was 
f i r s t  demonstrated many years ago although appl icat ion of  serological  
methods fo r  diagnosis have not been f u l l y  explored.  Kuberski (1978) 
descr ibed  an i n d i r e c t  h aem a g g lu t in a t io n  ( IHA) t e s t  using a 
p o ly sa c c h a r id e  an t igen  e x t r a c t e d  from c u l t u r e d  T. v a g i n a l i s . 
Antibodies were demonstrated in 97% of  c u l tu re - p o s i t iv e  women and in 
90% of male patients  from whom T. vaginal is  was iso la ted .  Matthews and 
Healy (1983) examined the methods of in d i rec t  haemagglutination (IHA) 
and gel d i f fus ion  (GD) to evaluate t h e i r  r e l a t i v e  usefulness fo r  
diagnostic and epidemiological  purposes. The IHA te s t  is rapid and 
well suited fo r  screening large numbers of  serum specimens. The GD 
assay is very simple to perform and requires l i t t l e  or no special ized  
equipment.
Recently,  there has been renewed in te res t  in diagnosis of  T. 
vaginal is  in fec t ion  by detection of  T. vaginal is  antigen in urine and 
vaginal secret ions.  Yule and Ackers (1985) and Yule et  a l .  (1987) 
applied an enzyme immunoassay technique to th is  task and Tori an et  a l .  
(1985) produced a monoclonal antibody spec i f ic  fo r  the nucleus of  a l l  
the T. vaginal is  s tra ins they tested,  which they bel ieved could be 
useful fo r  the diagnosis of  trichomoniasis by immunofluorescence.
Chen et  a l .  (1982) attempted to assess corre la t ions  between the 
content of  the diamines, putrescine and cadaverine,  in vaginal f l u i d  
and the c l in ic a l  manifestat ions of  v a g in i t i s ,  and developed a rapid
procedure fo r  the determination of  diamines. The diamine content of  
vag ina l  f l u i d  specimens a f t e r  the ra py  w i th  m e t ro n id a zo le  was 
correlated with c l i n i c a l  response to treatment.  Unfortunately,  the 
detection of  increased diamine content in vaginal f lu id s  does not 
allow laboratory d i f f e r e n t i a t i o n  between non-specif ic  v a g in i t i s  
( n . s . v . )  and va g in i t is  due to T. v ag i n a l i s , so diagnosing infect ions  
with T. vaginal is  would depend upon simultaneous wet mount examination 
or c u l tu re .  Both condit ions,  however, can be t rea ted  successful ly with  
metronidazole.  Also, i t  was pointed out tha t  the high p red ic t iv e  value  
of  a n e g a t iv e  t e s t  r e s u l t  i s  h e l p f u l  in e xc lu d in g  n . s . v .  or  
trichomonal v a g in i t i s .
1 .2 .3 .  Treatment
In the  1940s and 1950s the  only  t r e a tm e n t  a v a i l a b l e  f o r  
t r ic h o m o n ia s is  was the  lo c a l  a p p l i c a t i o n  o f  t r i c h o m o n a c i d a l , 
bacter ioc idal  and mycocidal substances e .g .  ' T r i f l o c i d '  and 'F luocid '  
(Spofa ) , 'Anathuose' (Gu i l laumin) , 'T r icolpon'  (Organon) and 'V io zo l '  
(Ciba).  Although these treatments appeared to cure the in fect ion  of  
the vagina, the occurrence of  relapses was high. Treatment methods fo r  
the  male were even less  s a t i s f a c t o r y .  A f t e r  the  in t r o d u c t i o n  o f  
a n t i b i o t i c s ,  var ious  combinations were given e i t h e r  by mouth or  
l o c a l l y  a p p l ie d  in an a t tem pt  to  t r e a t  t r i c h o m o n i a s i s ,  but no 
permanent cure was achieved (Greene, 1952).
The a v a i l a b i l i t y  of  in v i t r o  and in vivo systems fo r  evaluating  
potentia l  antitr ichomonal agents enabled the discovery tha t  azomycin 
( 2 - n i t r o im id a z o le ) , iso lated from a Streptomyces species,  had weak 
trichomonacidal a c t i v i t y .  Over 200 chemicals re la ted to azomycin were 
then  s y n t h e s i z e d  and s c r e e n e d  f o r  a c t i v i t y .  In  te rm s  o f  
chemotherapeutic index, metronidazole (1-hydroxyethyl-2 -methyl- 5 -  
ni tro imidazole )  emerged as the most promising compound. The e f f icacy
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of the drug was tested by Durel et  a l . (1959) and found to be very 
good. W i th in  a few y e a r s ,  i t  was in use f o r  the  t re a tm en t  of  
t r ic h o m o n ia s is  a l l  over the  w o r ld .  The secondary e f f e c t s  o f  
metronidazole are minimal although ra re ly  there are side e f fe c ts .  Cure 
rates of  95% or b e t te r  can be expected from regimens of 200mg three  
times d a i ly  fo r  7 days or a single  dose of  2g by mouth.
During the  years  o f  i t s  widespread use f o r  t re a tm e n t  o f  7\ 
vaginal is  in fec t ions ,  metronidazole has earned a reputat ion fo r  being 
remarkably safe.  I t  is genera l ly  acknowledged that  i t  should not be 
given to  women dur ing  the  f i r s t  3 months o f  pregnancy or dur ing  
lac ta t io n  since i t  f r e e ly  passes the placental  b a r r ie r  and is excreted 
in mi lk .  However, no case of  damage to the foetus or breast- fed chi ld  
has been reported and experience indicates that the drug may be safely  
adminstered to chi ldren.
In the past few years,  a number of  investigators  have reported 
cases of  re f rac to ry  vaginal trichomoniasis associated with iso la tes  of  
T. v a g i n a l i s  t h a t  were r e l a t i v e l y  r e s i s t a n t  to  m e tro n id a zo le  
(Meingassner & Thurner, 1979).  Although the oncogenic potentia l  of  
metronidazole fo r  pat ients  who are being t reated with standard doses 
of the drug appears to be absent or weak, the long term e f fec ts  of  
la rger  doses of  metronidazole such as those used in some patients  with  
re f rac to ry  vaginal trichomoniasis (Lossick et  a l . ,  1986) are not 
known. The r a r i t y  of  reports of  T. vaginal is  in fect ions that re s is t  
t re a tm e n t  w i th  m e t ro n id a z o le  suggests a low inc ide nce  a lthough  
ava i lab le  data indicate  the problem is widespread. No recommended 
a l t e r n a t i v e  therapy is a va i lab le  at  the moment so these cases are 
general ly  incurable.  Strains of  T. vaginal is  tha t  re s is t  treatment by 
metronidazole have been shown to r e s is t ,  to various degrees, other 5-  
nitromidazoles in v i t r o  and in vivo (Meingassner & Thurner, 1979).
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Although cross-resistance ex is ts  the data do suggest tha t  some of the 
other 5 -n it ro imidazoles may be r e l a t i v e l y  more e f f e c t i v e  against  
trichomonad s t r a i n s  r e s i s t a n t  to  m e t r o n id a z o le  and f u r t h e r  
i n v e s t i g a t i o n  is needed. The mechanisms o f  r e s i s t a n c e  w i l l  be 
discussed l a t e r .
R ecent ly  th e r e  has been more i n t e r e s t  in the  p o s s i b i l i t y  o f  
developing a vaccine act ive  against tr ichomoniasis.  In the la t e  1970s, 
a s y s t e m i c  v a c c i n e  f o r  im m u n o th e rap y  o f  human u r o g e n i t a l  
trichomoniasis was introduced by the Swiss f i rm ,  Solco Basle Ltd.  I t  
consists of  eight inactiva ted  s tra ins  of  Lactobaci l lus acidophi lus  
i s o l a t e d  from t r ic h o m o n ia s is  p a t i e n t s .  I t  is  c la imed t h a t  the  
v a c c in a t io n  leads to  the  e l i m i n a t i o n  o f  T. v a g i n a l i s  and o th e r  
pathogens, and induces normalizat ion of  the vaginal f l o r a ,  including  
reappearance of  normal Lac to b ac i l l i  (Andrial & Par ic ,  1985).  I t  is  
also claimed that such treatment confers protect ion fo r  1-2 years 
against fu ture  in fect ion  by 7\ vaginal is  in approximately 90% of  
pat ien ts .  However, there is some controversy over the mechanism of  
action of  th is  vaccine (Gombosova et  a l . ,  1985).
1 .3 .  CHEMOTHERAPY
1 .3 .1 .  Mode of Action of  5 -Nitroimidazoles
Anaerobic prokaryotes and eukaryotes appear to  have comparable 
mechanism fo r  the metabolism of  metronidazole and respond to the drug 
in a s im i la r  manner (Coombs, 1976; Ings et  a l . ,  1974; Lindmark & 
Muller ,  1976; Muller  et  a l . ,  1976, 1977).  I t  is p r im ar i ly  anaerobic 
and photosynthetic organisms which are affected by th is  group of 5-  
ni tro imidazoles ,  however there are reports of  e ffect iveness  against  
Trypanosoma cruzi  (Raether & Winkelman, 1976) and Trypanosoma evansi  
(Maudour & Rahman, 1976).  Evidently the s p e c i f i c i t y  of  metronidazole  
fo r  anaerobic prokaryotes (Coombs, 1976),  photosynthetic organisms
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(Edwards et  a l . ,  1974) and anerobic protozoa (Ings et  a l . ,  1974; 
Muller  et  a l . ,  1976) depends upon the a b i l i t y  of  these organisms to 
reduce the  n i t r o  group o f  the  compounds (Coombs, 1976; M u l l e r  & 
Lindmark, 1978).
Under aerobic and anaerobic condit ions,  uptake of  metronidazole  
by s e n s i t i v e  organisms is  dependent upon drug c o n c e n t r a t i o n .  In 
trichomonads, uptake k inet ics  indicate  tha t  d i f fus ion  ra ther  than 
act ive  tansport was responsible fo r  the compounds entry into c e l ls  
( Ings  e t  a l . ,  1974; M u l l e r  & Lindmark,  1 9 7 8 ) .  The c o n c e n t ra t io n  
gradient responsible fo r  the uptake of  metronidazole is produced by 
the a b i l i t y  of  sensi t ive  c e l ls  to modify the drug by reducing i t s  
n i t r o  group and thus lowering i t s  i n t r a c e l l u l a r  concentration (Muller  
et  a l . ,  1976).
In 1972,  O 'B r ie n  and M o rr is  found t h a t  f e r r e d o x i n - 1 i n k e d  
reactions p a r t ic ip a te  in metronidazole reduction in Clostr idium,  th is  
was confirmed by other authors (Coombs, 1976).  Mul le r  (1981) found 
th a t ,  in trichomonads, the s i t e  of  metronidazole reduction is the 
hydrogenosome. A f e r r e d o x i n  has been i s o l a t e d  from tr ichomonad  
hydrogenosomes which fu n c t io n s  was an e le c t r o n  c a r r i e r  from 
p y r u v a t e : f e r r e d o x i n  ox idoreduc ta se  and s t im u la t e s  m e tro n id azo le  
reduction by th is  enzyme (Marczak et  a l . ,  1983; Gorre l l  et  a l . ,  1984; 
Y a r le t t  et  a l . ,  1985). Pyruvate:ferredoxin oxidoreductase functions in 
the  presence or  absence of  O2  (Cerkasov e t  a l . ,  1978; M u l l e r  & 
Lindmark, 1978).  Under anerobiosis electrons are transferred to a 
te r m in a l  ox idase which is  r e s p o n s ib le  f o r  the  r e s p i r a t i o n  o f  
hydrogenosomes. Anaerobic conditions favour the transport  of  electrons  
to metronidazole,  wh i ls t  O2  competes with the drug fo r  electrons  
(Mulle r ,  1981).
I t  is assumed that an intermediate of  the reduction k i l l s  the 
organisms, thus t o x i c i t y  o f  5 - n i t r o i m i d a z o l e s  f o r  s u s c e p t ib le
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organisms decreases in the presence of C^.
In experiments  in v o lv i n g  ^ C - m e t r o n i d a z o l e  in Trichomonas 
vaginal is  (Ings et  a l . ,  1974) and T. foetus  (M uller  et  a l . ,  1976),  
l a b e l  was observed to  be bound to  p r o t e in s  and to  DNA. F u r th e r  
experiments with ^ C - la b e l  led adenine, thymidine and ur id ine  revealed 
tha t  nitromidazoles in te r fe red  with the nucleic acid synthesis (Ings 
et  a l . ,  1 97 4 ) .  Fine s t r u c t u r a l  s tu d ie s  by N ie lse n  (1976) on the  
ef fe c ts  of  metronidazole upon T. vaginal is  and that  of  Liss et  a l .  
(1972) on morphological changes caused by t in id a z o le  suggest that  
prote in synthesis and perhaps other synthetic processes are a ffected .  
According to Nielsen (1976) the number of  polysomes decreased 
w hi ls t  the number of  monosomes increased in f l a g e l l a t e s  exposed to 
m e tr o n id a z o le ,  and t h e r e  was a lso  a re d u c t io n  o f  p e r in u c l e a r
endoplasmic ret iculum. In t in id a z o le - t r e a te d  trichomonads, Liss et  a l .  
(1972) found large aggregates of  ribosomes. There are no reports of  
the a b i l i t y  of  T. vaginal is  to re p a i r  damaged DNA, although there have 
been suggestions that  DNA is a primary ta rge t  of  5-ni tro imidazoles  
(Knight et  a l . ,  1978).  Controversy exis ts  over the exact mechanism of  
a c t io n  o f  m e t ro n id a z o le  and t h e r e  have been re p o r ts  t h a t  5 -  
ni tro imidazoles such as metronidazole did (Knight et  a l . ,  1978) and
did not (La Russo et  a l . ,  1978) cause DNA strand breakage in v i t r o .
The f i r s t  of  a series of  metronidazole reduction products, n i t ro  
radical  anion, n i t roso -  and hydroxylamine der iv a t ives ,  have been 
d e te c ted  in v ivo  in T. f o e t u s  (Moreno e t  a l . ,  1984) and in T. 
vaginal is  (Lloyd & Pedersen, 1985). Chapman et  a l .  (1985) showed that  
m e tro n id a z o le  r a d ic a l  anions can be genera ted  w i t h i n  i n t a c t
hydrogenosomes iso lated from T. vag ina l is .  These f ree  radicals  may
damage the radica l -genera ting  system and the hydrogenosome membrane 
and are capable of  outf low from iso lated organel les.  Experiments
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showed that a s im i la r  process may occur in vivo.  Whether the cytotoxic  
action of  metronidazole is mediated wi th in  the hydrogenosomes as 
suggested by i t s  i r r e v e r s ib le  in h ib i to r y  e f fe c t  on H2  evolut ion (Lloyd 
& Kristensen, 1985) or at some other s i t e  such as the nucleus which 
has been, p r e v io u s ly  suggested (Edwards,  1985) remains to  be 
elucidated.
1 .3 .2 .  Resistance to 5 -n i tro imidazoles
Since the introduction of  metronidazole and re la ted  compounds as 
the universal  treatment fo r  tr ichomoniasis,  controversy has arisen  
over whether there e x is t  t rue  di f ferences between stra ins  in t h e i r  
s e n s i t i v i t y  to metronidazole,  whether s tra ins  iso la ted from pat ients  
that  are re t rac tory  to treatment with th is  drug are more res is tant  to  
i t  in v i t r o  and in exper imenta l ly - in fected  laboratory animals; whether 
resistance to 5 -n i tro imidazoles  can be increased experimental ly in 
v i t r o  or in vivo ( laboratory  rodents) ,  and whether, since 1960, there  
has been an increase in resis tance to metronidazole among stra ins in 
human populations that have been trea ted  with th is  drug.
In 1976 Korner and Jensen es t im a te d  the  minimum l e t h a l  
concentration (M.L.C.) of  metronidazole fo r  T. vaginal is  s tra ins to  
range from 0.06 to 8.0ugml- * .  However, var ia t ions  have been great  
between published reports of  M.L.Cs due perhaps to dif ferences in 
media used and numbers of  protozoa tested.  Many workers have found an 
M.L.C. (anaerobic) not exceeding lugml- * fo r  most s tra ins (Durel et  
a l . ,  1966; McFadzean, 1969).  Although i t  is c le a r  tha t  there do ex is t  
s i g n i f i c a n t  d i f f e r e n c e s  in s e n s i t i v i t y  in v i t r o  and in v ivo  in 
individual  s tra ins to metronidazole (De C arner i , 1966; Honigberg & 
Livingston,  1966), there is a lack of  c le a r  evidence to corre la te  
these dif ferences with instances o f  poor response by patients  to 
treatmen with th is  drug.
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A major insight was provided by the f inding of Meingassner et  a l . 
(1979) t h a t  c l i n i c a l  i s o l a t e s  o f  T. v a g i n a l i s  from a p a t i e n t  
re f rac tory  to metronidazole were as sensi t ive  as normal l ines to 
metronidazole when tested in v i t r o  anaerobical ly but were highly  
re s is tan t  i f  tested in the presence of oxygen. Subsequently, there  
have been several reports of  l ines  of  7. vaginal is  res is tan t  to 5-  
nitro imidazoles when tested under aerobic conditions in v i t r o  (Lossick 
et  a l . , 1986; Lumsden et  a l . ,  1988; Robertson et  a l . ,  1988).
Res is tance  o f  some s t r a i n s  can be enhanced in v i t r o  by 
c u l t i v a t i o n  in the  presence o f  g r a d u a l l y  in c re a s in g  doses o f  5 -  
ni t ro im idzole  (De C a rne r i , 1966).  Resistance can also be increased by 
ser ia l  subcutaneous passages in mice receiving stepwise increments of  
5-ni tro imidazoles  (Bernazet & Guillaume, 1971; De Carneri ,  1966; De 
Carneri & Trane, 1971; Durel e t  a l . ,  1966).  Both in v i t r o  and in vivo 
changes were retained in the course of  numerous transfers  in cul ture  
media without drugs (De Carneri & Trane, 1971; Honigberg & Livingston,  
1966).  S imi la r  results  have also been found in experiments with T. 
vaginal is  (Meingassner & Mieth,  1976).
I t  has been reported that resistance to metronidazole decreases 
with  prolonged in v i t r o  c u l t i v a t i o n  o f  T. v a g i n a l i s  by s e r i a l  
transfers  in cul ture  media (De Carneri ,  1966; Honigberg & Livingston,  
1966), therefore  meaningful assays of  drug resis tance,  l i k e  those of  
pathogenicity must be done with fresh iso la tes .
Benazet and Guillaume (1971) observed a high degree of  cross­
resistance to 5 -n i t ro im idrazo les  and f e l t  that  i f  c l in i c a l  resistance  
of T. vaginal is  to metronidazole does increase i t  does not seem that  
nimorazole w i l l  provide a solut ion to the problem. Ray et a l .  (1984) 
t e s te d  the  MLCs o f  many n i t r o i m i d a z o l e s  in c lu d in g  s e c n id a z o le ,  
t in id a z o le ,  and ornitiazole,  fo r  both metronidazole-resistant  and 
metronidazole-sensi t ive s tra ins  of  T. vaginal is  and concluded that the
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m e t r o n i d a z o l e - r e s i s t a n t  s t r a i n  was a lso  r e s i s t a n t  to  a l l  o th e r  
nitroimidazoles tested except fo r  a 5 -n i t ro imidazole  d e r iv a t iv e ,  
G010213, which they suggested warrants fu r th e r  investigation  as a 
possible treatment of  d rug -res is tan t  tr ichomoniasis.
The mechanisms in v o lv e d  in m e t r o n i d a z o le - r e s is t a n c e  o f  
trichomonads are as yet unclear.  In v i t r o , trichomonads can develop 
e i t h e r  anaerobic or aerobic resistance to metronidazole.  The anaerobic 
r e s is t a n c e  is accompanied by enzyme d e l e t i o n s  i n a c t i v a t i n g  the  
hydrogenosomal pathway o f  p y ru v a te  metabolism re sp o n s ib le  f o r  
reduction of  metronidazole to a cytotox ic agent (Cerkasovova et  a l . ,  
1 976 ) .  Both T. v a g i n a l i s  and T. f o e t u s  can develop t h i s  type  o f  
resistance in v i t r o  when exposed to increasing concentrations of  drug 
in anerobic cu l tu re .  The re s is ta n t  organisms showed MLCs of up to  
lOOOjUgml- * f o r  m e t r o n id a z o le ,  and m u l t i p l y  r e a d i l y  in anaerobic  
c u l t u r e  a t  lOCI/ugml- * o f  the  drug.  The lack  o f  a c t i v i t y  o f  the  
pyruvate:ferredoxin oxidoreductase (PFO) is a pr inc ipa l  feature of  the 
res is tant  s tra ins  both in T. foetus  and in T. vagina l is .  Hydrogenase 
a c t i v i t y  is also lost or decreased g re a t ly .  Acetate and H2  are not 
produced due to the i n a c t i v i t y  of  the hydrogenosomal enzymes. The lack 
of hydrogenosomal pyruvate metabolism is subst i tuted by enhancement of  
cytoplasmic pathways, a lcohol ic  fermentat ion in T. foetus  and lac ta te  
fermentat ion in T. vagina l is .
The aerobic resistance to metronidazole has been reported in 
c l in ic a l  iso lates of  T. vaginal is  from patients  re f rac to ry  to standard 
treatment in several European countries and the USA. Aerobica l ly  
res is tant  organisms cannot m u l t ip ly  in the presence of metronidazole,  
but t o le ra t e  elevated concentrations of  the drug, provided that  O2  is 
ava i lab le  at  a cer ta in  low p a r t i a l  pressure.  In v i t r o , th is  type of  
resistance is detectable  in aerobic systems only,  and the MLC values
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ra re ly  exceed 1 0 ( ^ u g m lm e t r o n id a z o le .  The aerobica l ly  res is tant  
trichomonads possess pyruvate: ferredoxin oxidoreductase a c t i v i t i e s  
s im i la r  to those of  sens i t ive  s tra ins  (Meingassner et  a l . ,  1979; 
Muller  et  a l . ,  1980).  The presence of a functional  PFO is consistent  
with metronidazole s u s c e p t ib i l i t y  of  these organisms under aerobiosis.  
Recent f indings indicate  tha t  these trichomonads are d e f ic ie n t  in 
t h e i r  a b i l i t y  to remove O2  from t h e i r  surrounding medium, having 
decreased a f f i n i t y  f o r  oxygen. Lloyd and Pedersen (1985) a lso  
suggested that  a re s is ta n t  s t ra in  had defect ive  (^-scavenging systems. 
Thus the  re s id u a l  p a r t i a l  p ressure  o f  O2  may be s u f f i c i e n t  to  
reoxidize  the n i t ro ra d ic a l  anion of  metronidazole released in the 
process of  the drug reductive a c t iva t ion  and assumed to be an e f fe c to r  
of c y to to x ic i ty  (Tachezy et  a l . ,  1985).
1 .4 .  IN VITRO CULTIVATION AND PRESERVATION OF ISOLATES 
1 .4 .1  The E f f e c t s  o f  in v i t r o  C u l t i v a t i o n  on the  V i ru le n c e  o f  
Iso lates
Honigberg (1961) observed that  s tra ins  of  both T. vaginal is  and 
T. g a l l i  nae become attenuated in t h e i r  v irulence when maintained in 
cu l ture ,  subsequently there have been several reports confirming that  
attenuation occurs with T. vaginal is  but is more pronounced with T. 
g a l l i na e .  In 1964 Stabler  et  a l .  performed an extensive study on the 
ef fec ts  of  cer ta in  laboratory procedures on viru lence of  a s t ra in  of  
T. ga l l i nae  fo r  pigeons. They found that the pathogenicity levels of  
trichomonads appear to be g e n et ica l ly  contro l led .  The r e v e r s i b i l i t y  of  
the apparent loss of  v iru lence by b i r d - t o - b i r d  passage indicated,  
however, that  the in te rnal  environment of  the host is necessary fo r  
the maintenance of  v iru lence.  I t  was evident that some ch arac te r is t ics  
of the parasites which play an important part  in t h e i r  viru lence while  
maintained in d e f i n i t e l y  when the paras ite  is in normal hosts, are
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gradually lost  during frequent d iv is ion  of  the f l a g e l l a t e s  in v i t r o .  
When the  p a r a s i t e  is  m a in ta ined  a t  subzero t e m p e r a tu re s , these  
viru lence factors are not diminished. They also found that a highly  
v i ru le n t  s t ra in  of  T. ga l l i na e  became av i ru len t  very quickly when 
iso lated from infected domestic pigeons with the aid of  p e n i c i l l i n  and 
dihydrostreptomycin.  Although comparable attenuation also occursduring 
c u l t iv a t io n  fol lowing iso la t ion  in the absence of a n t ib io t i c s ,  th is  
virulence loss took about twice as long to become apparent as when 
these a n t ib io t ic s  were used. The authors postulated that  ext ranuclear  
nucleic acids may be a ffected by the a n t ib io t ic s  although they had no 
e xper im enta l  ev idence f o r  t h i s .  The authors  a ls o  rep o r ted  t h a t  
attenuation of  pathogenicity never occurred during ser ia l  pigeon-to-  
pigeon passages.
Lindgren and Ivey  (1964) c a r r i e d  out a s i m i l a r  s e r ie s  o f  
exper iments  on the  e f f e c t s  o f  c u l t i v a t i o n  and f r e e z i n g  on the  
virulence of  T. vaginal is  fo r  mice (v ia  the subcutaneous route) and 
found very s im i la r  results  to those fo r  T. g a l l i n a e .
Kulda (1965) compared changes in the v irulence of  a clone of  T. 
g a l l i nae  maintained in v i t r o  and in vivo and confirmed the results  of  
e a r l i e r  workers t h a t  p a t h o g e n i c i t y  was a t te n u a te d  only  through  
subpassage in v i t r o  and was m a in ta ined  i f  tr ichomonads were 
subpassaged in vivo.  In 1970, Dwyer and Honigberg found that  in v i t r o  
c u l t iv a t io n  of  a highly v i r u le n t  s t ra in  of  Histomonas meleagr idis  a 
s im i la r  paras i te  to T. g a l l i n a e  which k i l l e d  turkeys and chickens 
within 9-10 days on average, was accompanied by gradual attenuation of  
pathogenicity.  Or ig inal  v iru lence levels could be restored fo r  up to 
15 weeks by c h ic k e n -c h ic k e n  passages.  No decrease in v i r u l e n c e  
occurred when the histomonads were maintained in l iq u id  nitrogen  
(~196°C) fo r  20 weeks from the time of t h e i r  i s o la t io n .  Ivey (1975) 
gave guidelines fo r  v iru lence preservation of  recent iso lates of  T.
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vagina l is .  The vast majoroity of  these studies on the virulence of  T. 
v a g i n a l i s  inc luded  measuring v i r u l e n c e  by methods o th e r  than  
intravagina l  growth. I t  is not known how re levant the experiments are 
to the growth of  T. vaginal is  in the normal environment.
1 .4 .2 .  In v i t r o  Drug S e n s i t i v i t y  Testing
Most in v i t r o  drug s e n s t iv i ty  tes t ing  has involved metronidazole  
and o th e r  5 - n i t r o i m i d a z o l e s ,  al though many o th e r  p o t e n t i a l  
trichomonacides have been investigated in th is  way. Unfortunately ,  fo r  
a long time there was no standard method of  determining in v i t r o  
s e n s i t i v i t y  to  m e t ro n id a z o le  and t h i s  has made i t  im poss ib le  to  
compare re p o r ts  from var io u s  a u th o rs .  Authors have used var ious  
incubation periods, although usual ly 24 or 48 hours (Meingassner & 
Thurner, 1979); and many d i f f e r e n t  cu l tu re  media with varying amounts 
of serum. C ru c ia l ly ,  d i f f e r e n t  cu l tu re  volumes and gaseous conditions  
have been a p p l ie d  such t h a t  tr ichomonads have been grown under  
anaerobic conditions or in the presence of d i f f e r e n t  concentrations of  
oxygen. Another  im por tan t  v a r i a b l e  has a lso  been the  method o f  
assessing resu l ts .  Some authors have used d i rec t  counts to ca lcu la te  
d i f f e r e n t  percentage in h ib i to ry  levels a r i th m e t ic a l ly  (Michaels et  
a l . ,  1962); whereas others have determined the minimum in h ib i to ry  
concentration (MIC) or minimum le tha l  concentration (MLC), the lowest 
concentration at  which no moti le  parasites were observed at  the end of  
the incubation.  More recently  th is  has involved m ic r o t i t r e  plates and 
the use o f  an inverted microscope (Clackson & Coombs, 1983).
Many authors have now adopted the method described by Meingassner 
and Thurner (1979).  This involves determining - MIC (or MLC) using 
mult iwel l  plates and an inverted microscope a f t e r  24 hours incubation 
at 37°C under both aerobic and anaerobic condit ions.
More recent ly  there have been attempts to improve the assessment
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of results  of  in v i t r o  during s e n s i t i v i t y  te s ts .  For example, Kreiger  
e t  a l . (1985) discussed the  use o f  a t i m e - k i l l  technique  f o r
s u s c e p t ib i l i t y  tes t ing  of  T. vag i na l is ; Mason (1985) describes test ing  
the s e n s i t i v i t y  of  T. vaginal is  using a bromocresol purple ind ica tor  
and Escario et  a l .  (1985) measured the amount of  l a c t i c  acid released 
by T. vaginal is  into the cu l ture  medium. These las t  authors used as 
end-points the minimum cytocidal  concentration a f t e r  24 hours, i . e .  
the lowest concentration blocking l a c t i c  acid release; and the 50% 
in h ib i to ry  concentration ( C . I . 5 0 ) ,  the lowest concentration which 
reduced l a c t i c  acid release to 50% of the amount released in control  
cul tures .  Meyers and Chang (1979) described a bioautography method fo r  
monitoring growth and in h ib i t io n  zones of T. vaginal is  on agar plates  
using phenolphthalein monophosphate as an enhancer made deep red by 
hydrolysis.  This method was l a t e r  adapted by La t te r  and Walters (1985) 
f o r  l i q u i d  phase c u l t u r e s  o f  T. v a g i n a l i s  in  m i c r o t i t e r  p l a t e s ,  
absorbance being measured on a Flow Mult i  scan MC. The major aim of  
these developments was to devise a rapid yet accurate and sensi t ive  
method that  could handle many samples very e f f i c i e n t l y .  Such a method 
would be ideal  fo r  drug screening.
1 .5 .  THE HOST-PARASITE RELATIONSHIP
1 .5 .1 .  The influence of  T. vaginal is  on the host vaginal epithel ium  
Experimental inoculat ion of  trichomonads into  the human vagina 
has been attempted by s evera l  i n v e s t i g a t o r s  f o r  the  purpose o f  
ascertaining t h e i r  pathogenicity.  A d e f in i t e  pathogenicity has been 
a t t r ib u te d  to th is  organism since the experimental inoculat ion of  
b a c te r ia - f re e  stra ins into the human vagina by Asami and Nakamura 
(1955) who found that a l l  pat ients  successful ly implanted with T. 
v a g i n a l i s  developed symptoms or signs o f  v a g i n i t i s  o f  var ious  
i n t e n s i t ie s .  Asami and Nakamura (1955) demonstrated a decrease in the
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amount o f  glycogen in v ag ina l  e p i t h e l i a l  c e l l s  f o l lo w in g  the  
implantat ion of  T. vagina l is .  Since i t  is wel l known that  Doderlein's  
b a c i l l i  require much glycogen fo r  t h e i r  m u l t ip l ic a t io n ,  growth of  
these b a c i l l i  may be inh ib i ted  in th is  condition of  the vagina with a 
consequent decrease in the a c id i t y .  Thus, i t  is suggested tha t  the 
vigorous consumption of  glycogen by trichomonads f a c i l i t a t e s  the 
invasion of the vagina by abnormal ba cter ia ,  resu l t ing  in v ag in i t is  
through synergis t ic  act ion of  trichomonads and ba c te r ia .
In cases of  trichomonad in fe s ta t io n ,  vaginal smears exh ib i t  a 
c h ara c te r is t ic  pa t tern .  There is a marked increase in the number of  
corn i f ied  c e l ls  of  the s u p e r f ic i a l ,  squamous type. Some of the ce l ls  
have i r r e g u la r  outl ines and are covered with smudges of greyish mucus. 
Cytoplasm is often dense and intensely a c id oph i l ic .  Nuclei are deeply 
stained in wel l preserved c e l l s ,  w h i ls t  in degenerating c e l ls  they are 
f a i n t l y  stained and have a pinkish appearance. A d is t in c t iv e  and 
frequently  observed feature  is the presence of a perinuclear  halo.  
Marked k e r a t i n i z a t i o n  o f  the  c e l l s  is  o c c a s i o n a l l y  noted.  The 
parabasal c e l ls  are often prominent and appear singly  or in small 
c lu ste rs .  They show some var ia t io n  in s ize  and a more pronounced 
vacuolizat ion of  the cytoplasm than seen in normal c e l ls  (Papanicolou 
& W ol inska ,  1 955 ) .  These authors a lso  n o t ic e d  t h a t  in some T. 
v a g i n a l i s  p o s i t i v e  smears the  e x f o l i a t e d  c e l l s  e x h i b i t e d  marked 
nuclear a typ ia ,  consisting c h ie f l y  of  an enlargement, i r r e g u l a r i t y  in 
form and hyperchromasia  o f  the  n u c l e i .  They d e c la re d  t h a t  these  
changes when pronounced may lead to a fa lse  in te rp re ta t io n  of  the 
ce l ls  as malignant.  Nuclear a typia  in associat ion with Trichomonas may 
be observed not only in the s u p e r f ic ia l ,  intermediate and parabasal 
squamous c e l l s ,  but also in c e l ls  of  endocervical o r ig in .  However, 
extreme cytological  aberrat ions are seen in a r e l a t i v e l y  small number
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of Trichomonas in fes ta t io ns .  In most instances the smears show only 
minor morphological changes and in many cases there may be a complete 
absence of c l in ic a l  symptoms.
Dylewski (1973) c a r r i e d  out h is to c h em ic a l  s tu d ie s  on acid  
mucopolysaccharides in the mucus membrane of the vaginal portion of  
the cerv ix  u ter i  in cases of  tr ichomoniasis.  Twelve sections were 
taken from the vaginal port ion of  the cerv ix  u te r i  in women with
symptoms of trichomonal v a g in i t i s  and twelve sections from women
without pathological changes in the vagina and these were stained.  In 
the women with trichomonal v a g i n i t i s ,  an increase in the in te n s i ty  of  
colour reactions chara c te r is t ic  of  acid mucopolysaccharides was found 
in a l l  elements of  the mucus membrane. This was marked most c le a r ly  
within the thickened basement membrane. Only in the portions with 
inflammatory i n f i l t r a t i o n s  were the colour reactions negative or only 
weakly po s i t iv e .  In studies using PAS sta in ing  spec i f ic  fo r  neutral  
mucopolysaccharides, a decrease in the in te n s i ty  of  colour reactions  
was observed w i t h i n  the  s t r a t i f i e d  squamous e p i t h e l iu m  and 
p a r t i c u la r l y  with in  i t s  surface and medial layers.  A r is e  in the level  
of acid mucopolysaccharides seems to be a defence reaction against the
a c t i v i t y  of  T. vaginal is  accompanied by a bacter ia l  f l o r a .
An electron microscopy study of T. vaginal is  in te rac t ion  with the 
vaginal epithelium was carr ied out in 1975 by Nielsen and Nielsen.  
They used vag ina l  b io p s ies  from p a t i e n t s  w i th  t r i c h o m o n ia s is  to  
demonstrate c e l l  c o n ta c t  between c e l l s  o f  T. v a g i n a l i s  and the  
super f ic ia l  layer of  the vaginal  epithel ium. The trichomonads were 
gathered in small ce l l  c luste rs  on the s t r a t i f i e d  squamous epithelium  
but covered only a small area of  the surface. These authors found no 
evidence to show that trichomonad c e l ls  can penetrate in to  deeper ce l l  
layers of  the s t r a t i f i e d  squamous epithel ium,  whereas other authors 
who have investigated the natural  in fect ion  have occasional ly noted
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invasive growth of  the trichomonads although only in epithelium which 
had already been af fected by necrobiosis (Kessel & Gafford,  1935).  
Thus, i t  seems that  T. vaginal is  and T. gal l inarum (Lee, 1972) are 
unable to invade normal t issue of  the natural  host.
T. v ag i n a l i s , however, has been found inside non-phagocytosing 
c e l ls  of  c e l l  cultures (Farr is  & Honigberg, 1970),  of  experimentally  
i n f e c t e d  mice ( B r u g e r o l l e  e t  a l . ,  1974; F ros t  e t  a l . ,  1961) and 
occasional ly of the vaginal epithel ium (Frost et  a l . ,  1961). Nielsen 
and Nielsen (1975) observed c e l ls  of  T. vaginal is  which were invading 
squamous e p i t h e l i a l  c e l l s ,  but as only the s u p er f ic ia l  layer of  the  
e p i t h e l i u m  and the p a r t l y  desquamated c e l l s  were a t t a c k e d ,  they  
believed tha t  the s tra ins of  T. vaginal is  examined were able to attack  
only necrotic  c e l l s .  This was also observed in c e l l  cultures infected
w i th  s t r a i n s  o f  T. v a g i n a l i s  o f  moderate and low p a t h o g e n i c i t y ,
whereas stra ins  with high pathogenicity were thought to penetrate  
normal phagocytic ce l ls  (Farr is  & Honigberg, 1970).
N ie ls en  and N ie lsen  (1975) showed t h a t  the  tr ichomonad  
undoubtedly damages the vaginal epithelium since e p i t h e l i a l  lesions
were located mostly beneath large clusters  of  trichomonads where a
coherent layer  of  these c e l ls  was closely attached to the epithel ium.  
However, the clusters  of  T. vaginal is  covered only a small part  of  the 
mucosa and i t  is ,  th ere fore ,  un l ike ly  that  th is  damage alone was 
re sp o n s ib le  f o r  the  severe v a g i n i t i s  found in many p a t i e n t s ,  
espec ia l ly  as the local inflammatory reaction of  the mucus membrane 
was geneal ly the same whether or not T. vaginal is  c e l ls  were present 
on the e p i t h e l i a l  surface. Thus, they concluded that  the pathological  
changes due to the T. vaginal is  infect ions were mainly due to toxic  
substances which were acting on the epithelium independent of  contact  
with T. vaginal is  c e l l s ,  and which presumably could ju s t  as well have
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been formed by the free trichomonads. Nevertheless,  the resul ts  of
th is  study confirmed that trichomonads adhere c lose ly  to and apply a
strong te ns io n  onto the  u n d e r ly in g  e p i t h e l i u m .  In t h i s  way, T.
vaginal is  might mechanical ly damage the l im i t in g  membranes of the
e p i t h e l i a l  c e l ls  and give r is e  to a deformation of  the ta rget  ce l ls
and Farr is  and Honigberg (1970) observed that  the number of  glycogen 
i*\ ‘'Tva^tfvcAiS
granulesyjnfect ing a human vagina was much higher than in T. vaginal is  
in axenic  c u l t u r e s .  The glycogen conte n t  o f  T. v a g i n a l i s  from 
experimental ly infected mice was also found to be high (Brugerol le et  
a l . ,  1974).
Accumulation o f  glycogen in these c e l l s  was observed to  be 
accompanied by glycogen deplet ion of  the neighbouring host c e l l s .  This 
applies to the human vaginal mucosa where the amount of  glycogen was 
shown to vary inversely  with the number of  T. vaginal is  ce l ls  in the 
vaginal discharge (Asami & Nakamura, 1955).  Their  f indings,  therefore ,  
ind icate  tha t  the absence of glycogen in the vaginal epithelium is 
independent of  d i re c t  c e l l  contact with the trichomonads, and that the 
in te rac t ion  between c e l ls  of  T. vaginal is  and the vaginal epithelium  
takes place p r im ar i ly  at a distance,  probably by means of substances 
released in to  the vaginal f l u i d ,  and only secondari ly by a d i rec t  ce l l  
contact mechanism.
A s im i la r  electron microscopic investiga tion  was carr ied out by 
Garcia-Tamayo et  a l .  (1978) who investigated the u l t ra s t ru c tu re  and 
histochemistry of  trichomonads in the vaginal exudate. The results  of 
Garcia-Tamayo and his co-workers confirmed the studies of  Nielsen and 
Nielsen (1975) that groups of trichomonads frequently  adhered to 
desquamated e p i t h e l i a l  c e l l s .  Phagocytosis of  fragmented desquamated 
ce l ls  by trichomonads was frequently  observed. Acid phosphatase and 
other hydrolyt ic  enzymes were proved to be important in digestion of 
engulfed ce l ls^debr is  and bacter ia .  Previous studies had demonstrated
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the presence o f  hydrolases in T. v a g i n a l i s  ( M u l l e r ,  1973 ) .  
Phagocytosis of  bacter ia  by trichomonads in axenic cultures and the 
presence of mycoplasmas wi th in  phagosomes of trichomonads in human 
vaginal medium (Nielsen & Nielsen,  1975) is in agreement with Garcia-  
Tamayo's f indings.  These authors suggested that  the phagocytosis of  
desquamated e p i t h e l i a l  c e l l s  by tr ichomonads is  c e n t r a l  to  the  
production of  vaginal and cerv ica l  inflammatory les ions.
1 .5 .2 .  The In teract ion  of  Trichomonas vaginal is  and the Vaginal
Microflora  in Infected Women
Knowledge of microbial  associations of  T. vaginal is  is important  
in planning treatment; in understanding the environmental factors  
fa v o u r in g  the  e s ta b l is h m e n t  and maintenance o f  the  u r o g e n i t a l  
trichomonad, and to provide ins ight into the environmental factors  
tha t  may a f fe c t  pathogenicity.
Li t t  1 e in vest i gat ion has so f a r  been c a r r i e d  out in t o  the  
association between trichomonads and viruses,  but many workers have 
reported on bacter ia l  associat ions.  For example, Trussel l (1947) 
reported that  an association between T. vaginal is  and gonococci is 
r e l a t i v e l y  frequent although l a t e r  authors have disputed th is  (Gordon 
et  a l . ,  1966; Zwierz,  1969).  In the major i ty  of  cases, T. vaginal is  is 
associated with Grade I I  microbial  f l o r a ,  which consists of  many 
bacter ia l  forms with the exclusion of  Doderlein's b a c i l lu s .  Yeast and 
fungi may be present and the vaginal pH (5-6)  is higher than normal 
( 4 - 5 ) .  Cocci, especia l ly  s treptococci ,  and mycoplasma are frequently  
also present with T. vaginal is  and diptheroids also are reasonably 
common. Robinson and Mirchandani (1965) found that Micrococcaceae are 
abundant in v i r t u a l l y  a l l  vaginal  states; Streptococcaceae are f a i r l y  
common vaginal organisms which are invar iab ly  present in symptomatic 
trichomoniasis; Enterobacteriaceae  are found in the vagina of  25-50%
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of patients i r respect ive  of  the presence of other microorganisms, and 
L a c t o b a c i l l a c e a e  decrease in a c t i v e  t r ic h o m o n ia s is  but not in  
C a n d id ia s is .  Teras e t  a l . ( 1 9 6 6 ) ,  however,  in d ic a t e d  t h a t  the
microf lora  associated with T. vaginal is  varied widely.  They observed 
tha t  most^the microorganisms did not d i f f e r  from these in non-infected  
patients  and no changes in microf lo ra  were noted a f t e r  trichomonads 
were el iminated by treatment.  He found no corre la t ion  between the 
sever ity  of  the trichomoniasis and the const i tu t ion of  microbial  
associates of  T. vaginal is  in males or females.
Also in 1966,  Gordon e t  a l .  r e p o r ted  on the  b a c t e r i a l  f l o r a  
present in abnormali ties of  the female geni ta l  t r a c t .  Their  study was 
in agreement with general ly  accepted views that  acidur ic  Doderlein 
f lo r a  of  the healthy vagina is la rge ly  replaced by a mixed f lo r a  in 
the presence of v a g i n i t i s .  The low incidence of Grade I (Doderlein)  
f l o r a  in smears showing cyto logica l  evidence of severe inflammation 
was a s s o c ia te d ,  on c u l t u r e ,  w i th  a much more v a r ie d  aerob ic  and 
anaerobic f l o r a .  In p a r t i c u l a r ,  s ig n i f i c a n t ly  high incidences of  
mycoplasma, aerobic streptococci  and of Haemophilus vaginal is  were 
seen in the severe inflammatory category,  w h i ls t  obl igatory anaerobic 
s t r e p t o c o c c i ,  b a c t e r o i d e s  s p e c i e s  and members o f  t h e  
Enterobacteriaceae  were iso la ted  more frequent ly  in the presence of  
severe inflammation.  A s im i la r  pattern of  var ia t ion  was observed in 
the frequency of occurrence of  these microorganisms corre la t ing  with 
the degree of  T. vaginal is  in fe s t a t io n .  I t  is genera l ly accepted that  
vaginal l a c t o b a c i l l i  bear a more or less inverse re la t ionship  to the 
degree o f  tr ichomonal  i n f e s t a t i o n  o f  the  v ag ina ,  and t h i s  is  
i l l u s t r a t e d  by Gordon's f indings that  only 6.4% of smears containing  
numerous trichomonads were c la s s i f ie d  as Grade I .  59% of heavi ly  
infested exudates yielded these organisms. The incidence of aerobic
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streptococci  in specimens containing large numbers of  trichomonads was 
approximately f i v e  times tha t  observed in non-infested specimens. I t  
seems l i k e l y  that the more frequent occurrence of  these microorganisms 
r e f le c ts  a more favourable environment fo r  t h e i r  p r o l i f e r a t i o n .  I t  is 
w el l  documented t h a t  the  growth o f  mycoplasmas in the  vagina is  
great ly  favoured by a s h i f t  of  vaginal pH from the normal acid range 
( 4 .0 - 4 .5 )  towards a l k a l i n i t y ,  whi le streptococci  and col iforms grow 
w el l  only  above pH 6 .  Such c o n d i t io n s  p e r t a i n  in tr ichomona!  
in fec t io n ,  and also, t issue necrosis associated with the inflammatory 
reaction favours the growth of  most of  these b a c te r ia ,  espec ia l ly  the 
microaerophil ic and anaerobic species.  I t  is probable,  there fore ,  that  
the presence of these organisms, normally commensals of  the female 
genita l  t r a c t ,  is e n t i r e l y  secondary to the protozoal  in fe s ta t io n .
1.6 .  EXPERIMENTAL MODELS OF THE TRICHOMONAD-MAMMAL INTERACTION
1 .6 .1 .  In v i t r o  E ffec t  on Mammalian Cell Lines
The f i r s t  reports on the e f f e c t s  of  T. vaginal is  on ce l l  cultures  
was made by Hogue (1943) who suggested tha t  trichomonads in ju re  chick 
and mammalian cu l tu re  c e l ls  not by mechanical means but by ' to x ins '  
produced by the f l a g e l l a t e s .  In 1957 Kotcher and Hoogasian, using a T. 
vaginal is  s t ra in  of  undetermined v irulence in primary chick embryo 
exp lan ts  and human c e l l  c u l t u r e s ,  concluded t h a t  the  p a r a s i t e s  
i n f l i c t e d  damage upon vertebrate  c e l ls  by mechanical means as they 
were unable to produce corresponding changes by exposing c e l l  cultures  
to c e l l - f r e e  f i l t r a t e s  of  trichomonad cu l tu res .  Christ ian et  a l .  
(1963) also f e l t  tha t  the pathological  changes they observed in Hela 
ce l ls  exposed to T. vaginal is  were caused by mechanical means, whi ls t  
Honigberg and Ewalt (1963) , using primary chick l i v e r  cultures and 
Hela c e l l s ,  suggested that  the r e l a t i v e l y  pathogenic s t ra in  of  T. 
vaginal is  they used i n f l i c t e d  in ju ry  on ver tebrate  c e l ls  both by
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coming in contact with them and by some of the substances produced 
e i th e r  by the parasites alone or in combination with the degenerating 
t issue cul ture  c e l l s .
r
Extensive studies of  the behaviour of  tichomonads in chick l i v e r
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ce l l  cultures were carr ied  out by Farr is  and Honigberg (1970) using J.  
vaginal is  and Kulda and Honigberg (1969) using T. f oe tus .  Farr is and 
Honigberg (1970) compared the  d e g e n e ra t iv e  e f f e c t s  o f  a m i l d l y  
pathogenic s t ra in  of  T. vaginal is  and a more v i ru le n t  s t ra in .  The 
pathogenic trichomonads, amoeboid in the presence of ce l l  cu ltures ,  
had a pronounced tendency fo r  large areas of  t h e i r  bodies to adhere to  
the macrophages, f ib ro b la s ts  and e p i t h e l i a l  c e l l s .  The parasites  
caused severe i n j u r y  to  the  c e l l s  to  which they  were a p p l ie d ,  
including abnormal cytoplasmic and nuclear changes. The t y p ic a l l y  non- 
amoeboid, smaller,  mild s t ra in  f l a g e l l a t e s  s et t led  upon the chick 
ce l ls  much less frequently  and t y p i c a l l y  did not establ ish int imate  
contact with those upon which they came to re s t .  Thus, d i rec t  contact  
between the mild s t ra in  and the cu l tu re  c e l ls  appeared to play a much 
less important ro le  in t h e i r  in te rac t io n .
In these studies i t  was found that  r e l a t i v e l y  large numbers of  
macrophages contained trichomonads wi th in  t h e i r  cytoplasm. The highest  
phagocytic a c t i v i t y  occurred with both the mild and v i ru le n t  s tra ins  
during ear ly  in fec t ion ;  and the a c t i v i t y  was greater  in cultures  
exposed to the mild s t ra in .  With both s t ra in s ,  the ra te  of  phagocytosis 
declined during the experiments, the decl ine being more precipitous in 
infect ions  involving the v i r u le n t  s t r a in .  I n t r a c e l l u la r  trichomonads
of the pathogenic s t ra in  appeared normal, but most of  these of  the
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mild s t ra in  showed signs of  degeneration.  The number of  f ib rob lasts  
and e p i t h e l i a l  c e l ls  harbouring trichomonads wi th in  t h e i r  cytoplasm 
were low, but s ig n i f i c a n t l y  higher in cultures inoculated with the 
v i ru le n t  s t ra in  than the mild s t r a in ,  and i t  appeared l i k e l y  that the
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mild trichomonads could enter only degenerated c e l ls  of  th is  type.  
Exposure of  chick l i v e r  c e l l  cultures to c e l l - f r e e  f i l t r a t e s  of  the 
v i ru le n t  s tra ins caused s ig n i f i c a n t l y  less extensive cytopathological  
changes than those resu l t ing  in the presence of l i v in g  parasites.  
F i l t r a t e s  of  the mild s t ra in  caused almost no damage.
Division of  f ib ro b la s ts  was inh ib i ted  by both paras i te  s t ra ins ,  
the in h ib i t io n  being much greater  in cultures exposed to the v i ru le n t  
f l a g e l l a t e s .  A s ig n i f ic a n t  but revers ib le  in h ib i t io n  resulted also 
from exposure o f  the  f i b r o b l a s t s  to  f i l t r a t e s  o f  the  pathogenic  
s t r a i n ;  f i l t r a t e s  o f  the  m i ld  s t r a i n  were l e a s t  i n h i b i t o r y .  The 
development, appearance and extent of  lesions d i f fe re d  g reat ly  between 
cel l  cultures infected with v i r u le n t  and mild s t ra in  trichomonads.  
Only a few l e s io n - l i k e  c e l l - f r e e  areas were found in cultures exposed 
to the f i l t r a t e s  of  the pathogenic s t ra in  and none in those treated  
with s im i la r  f i l t r a t e s  of  the mild one.
Another  e x t e n s iv e  study on T. vag i na l  is/mammalian c e l l  
in teractions was carr ied out by Sharma and Honigberg (1966) who were 
concerned with cytochemical observations. Nucleic acids,  polysacchari­
des,  l i p i d s  and p r o t e in s  o f  t r y p s i n - d i s p e r s e d  ch ick  l i v e r  c e l l  
cultures infected with a r e l a t i v e l y  pathogenic s t ra in  of  T. vaginal is  
were studied.  The authors noted a loss of  cytoplasmic RNA in the chick 
ce l ls  and a deplet ion of  glycogen stored in e p i t h e l i a l  c e l ls  in the 
exper im enta l  c u l t u r e s .  A la r g e  accumulation o f  l i p i d s  in the  
f ib rob lasts  and e p i t h e l i a l  c e l ls  occurred and s ig n i f ic a n t  loss of  
l ip id s  was seen in phagocytes with trichomonads c lose ly  applied to  
t h e i r  external surfaces.  In general ,  there fore ,  the cytochemistry of  
chick  l i v e r  c e l l s  was s u b s t a n t i a l l y  a f f e c t e d  by the  presence of  
trichomonads.
In 1973 Grys and Hernik examined the haemolysis of human and
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r a b b i t  e r y t h r o c y te s  by T. v a g i n a l i s . They found a d i f f e r e n c e  in  
in te ns i ty  of  haemolysis between stra ins of  T. vagina l is ,  although a l l  
stra ins could lyse both human and rabbi t  erythrocytes.  The f i l t r a t e  of 
some stra ins  of  T. vaginal is  also produced haemolysis. Also Heath 
(1981) studied the e f fec ts  of  trichomonads on rabb i t  kidney tubule 
ce l l  monolayers. Destruction of  the monolayer was observed below 
adherent clumps of parasites suggesting that  contact between parasites  
and e p i t h e l i a l  c e l ls  was an important fac tor  in pathogenesis.
The controversy over whether T. vaginal is  exerts i t s  pathogenic 
e f fe c t  by mechanical means or by some kind of  cytotox in ,  has existed  
therefore since Hogue (1943) f i r s t  suggested that  c y to to x ic i ty  was 
caused by ' t o x i n s ' .  Since then,  many authors have arr ived at the same 
conclusion: Kulda and Honigberg (1969), Honigberg et  a l .  (1964),  and 
Farr is and Honigberg (1970),  although those authors did suggest tha t  
mechanical e f fec ts  also play some par t .  That any cytotoxin is produced 
has been disputed by other authors including Kotcher and Hoogasian 
(1957),  Chr is t ian  et a l .  (1963),  and more recent ly  Kreiger et  a l .  
(1982, 1985).
The controversy a r is ing  from these ear ly  investigations  has not 
yet been solved, although recent ly  many investigators  have attempted 
to p rov ide  an answer. Chinese Hamster ovary  c e l l s  were used to  
investigate  pathogenic e f fec ts  of  T. vaginal is  on mammalian c e l ls  by 
Kreiger et  a l .  (1982).  F i l t r a t e s  of T. vaginal is  cultures had no 
e f fe c t  on the monolayer. T. vaginal is  sonicates also had no e f fe c t  
whereas cytochalasin D (lugml- ^) ,  a microfilament i n h ib i t o r ,  reduced 
T. vaginal is  destruction of  the Chinese Hamster ovary monolayer by 66% 
although T. vaginal is  m o t i l i t y  was unchanged. They concluded that  T. 
vaginal is  k i l l e d  ta rget  Chinese Hamster ovary ce l ls  by d i re c t  contact  
employing a mechanism that  depends on T. vaginal is  microfi lament  
function and that there was no evidence fo r  a secreted,  d i f f u s i b l e  or
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c e l l - f r e e  cytotox in .
Recently A lderete and Pearlman (1984) also suggested th a t the 
absence o f c y t o t o x ic i t y  in t h e i r  exp er im en ts , in  which f ix e d  
trichomonads or concentrated frac tio n s  o f cu ltu re  f i l t r a t e  were used 
against Chinese Hamster ovary c e l l  monolayers, implicated contact 
dependent mechanisms. Although they conceded th a t lack of an e f fe c t  of  
f i l t r a t e  on c e l ls  could be explained by a very low level of to x in ,  
masking of to x ic  moieties by medium components, or a s e lec t ive  e f fe c t  
by p aras ite  products on host c e l ls  during certa in  stages in the c e ll  
cycle. Subsequently, A lderete and Garza (1985) investigated the nature  
of adherence of T. vaginal is  c e l ls  to host c e l ls  using monolayer 
cultures o f Hela c e l ls .  They observed T. vaginal is  adherence to Hela 
c e l ls  v ia  the side opposite the undulating membrane and midway between 
the f l a g e l la  and axostyle was involved in attachment. I t  is not yet  
known whether s p e c ia l iz e d  o rg a n e l le s  are  in v o lv e d ,  a lthough the  
c o n s is te n t  o r ie n t a t io n  o f  th e  adherent p a r a s i te s  as observed by 
Alderete and Garza (1985) does suggest th a t the re levant trichomonad 
s u rfa ce  components may segregate  to  a lo c a t io n  on th e  p a r a s i t e ,  
perhaps one th a t is most accessible to host c e l l  membrane s ite s .  The 
apparent requirement fo r  T. vaginal is  metabolism fo r  the pathogenicity  
to occur underlined the complexity of the in te rac tio n  between host 
c e l ls  and trichomonads. Treatment of parasites with metronidazole or 
iodoacetate before incubation with c e l ls  prevented the in te ra c t io n .  
The in te rac t io n  was also found to be temperature-dependent, occurring  
less at lower temperatures. The data, th ere fo re , are consistent with  
the concept th a t energy-dependent membrane f l u i d i t y  and cytoskeleta l  
functions may be necessary fo r  trichomonal pathogenicity towards host 
c e l ls .  Cytochalasin B and co lch ic ine  microtubule in h ib i to rs ,  although 
used at levels  which did not a f fe c t  v ia b i l i t y  or m o t i l i t y ,  could
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produce non-specif ic  membrane perturbations and t o x ic i t y  unrelated to 
adherence events.
The rap id , saturable trichomonad adherence to c e l ls  th a t was 
observed and the resu lts  of competition experiments indicated th a t  
receptor reactions were involved in attachment. The possible ro le  of 
trichomonad surface proteins in c e l l  parasitism  was indicated by 
experiments showing the a b i l i t y  of tryps in ized  organisms to reattach  
by prote in  synthesis. Alderete and Garza (1985) also showed that  
T. vaginal is  appeared to p a ra s it iz e  e p i th e l ia l  c e l ls  to a greater  
extent than f ib ro b la s t  c e l ls .  There was s ig n if ic a n t  attachment to  
f i b r o b l a s t s ,  but t h is  d id  not lead to  c o rres p o n d in g ly  high  
c y t o t o x ic i t y  l e v e ls ,  thus th e  data  in d ic a t e  a r e f r a c t o r in e s s  o f  
f ib ro b la s ts  to  contact-dependent k i l l i n g  by T. v ag i n a l i s .
Kreiger et  a l ,  (1985) observed th a t trichomonads formed clumps 
when in cu ltu re  with Chinese Hamster ovary c e l ls .  These clumps then 
adhered to  c e l l  cu lture  monolayers and monolayer destruction occurred 
only in areas in contact with protozoa. Neighbouring c e l ls  not in 
contact with protozoa remained in ta c t .  The authors proposed th a t  
m otile  T, vaginal is  may move away from epithelium  they have already  
damaged, thus explaining the c l in ic a l  observation by Nielsen and 
Nielsen (1975) th a t cytopathology is observed in epithelium apparently  
free  of protozoa. As the number of trichomonads in the mixed cu ltu re  
was increased w h ils t  the number o f ta rg e t c e l ls  was held constant, the 
f ra c t io n  of ta rg e t  c e l ls  k i l le d  was, according to these authors, 
d i r e c t l y  p ro p o r t io n a l  to  th e  p r o b a b i l i t y  o f  t h e i r  making d i r e c t  
contact with trichomonads. I f  ta rg e t c e l l  death were mediated by 
d i f f u s i b l e  substances, such l i n e a r  p r o p o r t i o n a l i t y  would not be 
expected. F i l t r a te s  of trichomonad cultures or of v iab le  trichomonads 
a c t iv e ly  destroying Chinese Hamster ovary c e l ls  had no e f fe c t  on 
Chinese Hamster ovary c e l l  m onolayers. A lso , f i l t r a t e s  d id  not
43
p
increase the ra te  of monolayer d is r  u£ion by low numbers of in ta c t  
v iab le  trichomonads. Trichomonad sonic extracts  also had no e f fe c t  on 
ta rg e t c e l ls .  These findings are in accordance with those of Alderete  
and Pearlman (1 9 8 4 ) .  The m ic ro f i la m e n t  i n h i b i t o r  c y to c h a la s in  D 
in h ib ited  trichomonad k i l l i n g  of Chinese Hamster ovary monolayers by 
80%. In contrast, the microtubule in h ib i to r ,  v in b la s t in e ,  caused only 
17% in h ib i t io n  of trichomonad destruction of Chinese Hamster ovary 
c e l l  monolayers. The authors there fore  concluded th a t  T. vaginal is  
k i l l s  ta rg e t c e l ls  by d ire c t  contact without phagocytosis, th is  event 
re q u ire s  i n t a c t  trichomonad m ic ro f i la m e n t  fu n c t io n ;  m ic ro tu b u le  
function appears not to be e ss e n tia l .
Recently Pindak et  a l .  (1986) surveyed growth o f T. vaginal is  in 
tissue  cultures in order to id e n t i fy  the mammalian tissue cultures  
which were most su itab le  fo r  investiga tion  of cytopathogenicity of T. 
v a g i n a l i s . F i f t e e n  d i f f e r e n t  c e l l  c u l tu re s  were s tu d ie d ,  a l l  
maintained under conditions which simulated the dependency of T. 
vaginal is  on host tissue; the medium used allowed s a t is fa c to ry  growth 
of the organism only in the presence of l iv e  t issue  cu ltu res . The 
resu lts  showed th a t s a t is fa c to ry  c u l t iv a t io n  of T. vaginal is  is  not 
l im ited  to any p a r t ic u la r  type of mammalian c e l l  c u ltu re ,  the choice 
of tissue  cu ltu re  depends on the objectives of the in v es tig a to r .  
N ie lsen  and N ie lsen  (1975) found c lu s te r s  o f pro tozoa  o v e r ly in g  
mucosal m icroulcerations in biopsies from four of eleven women with  
trichomoniasis. Since trichomonads were not present in every area of 
e p i th e l ia l  d isru p tion , the authors concluded th a t most cytopathology 
re s u l te d  from c e l l - f r e e  c y to to x in s  and t h a t  c o n ta c t  dependent 
d e s t ru c t io n  o f e p i t h e l i a l  c e l l s  was a secondary phenomenon. A 
neuraminidase has been implicated in the pathogenesis of T. foetus  
(Honigberg, 1979), and th is  and other protozoan parasites are known to
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produce exoproteinases during growth and m u lt ip l ic a t io n  (Honigberg, 
1979; Coombs, 1982; McLaughlin & Faubert, 1977; McLaughlin & M ulle r ,  
1979; Lockwood et  a l . ,  1987). Pindak et  a l .  (1986) demonstrated the 
presence of a substance which they believed to be a l i k e ly  cause of 
the cytopathogenicity of T. vaginal is  towards mammalian c e l l  cu ltures .  
The presence of th is  substance in the cu ltu re  f lu id  of T. vaginal is  
was f i r s t  indicated by the f a i lu r e  of McCoy and Hela c e l ls  to form 
monolayers when added to two-day old cultures with high densit ies  of 
trichomonads and in which the  o r ig in a l  c e l l  monolayers had 
d is in teg ra ted . As attempts to dup lica te  such resu lts  with supernatants  
from s im i la r  cultures were only m arginally  successful, the authors 
c o n cen tra te d  the  a c t iv e  in g r e d ie n t .  I t  was p o s s ib le  to  o b ta in  
co n ce n tra te s  o f  the  ' cel 1-d e ta c h in g  f a c t o r  (CDF) which could be 
d ilu te d  several times and s t i l l  have a demonstrable e f fe c t .  Exposure 
to a temperature of 60°C fo r  1 hour resulted in in a c t iv a t io n  of the 
l a t t e r .  The preparation was inactiva ted  during contro lled  exposure to  
acid ic  conditions and acid s e n s i t iv i ty  was also demonstrated under 
conditions of c u ltu re .  The authors concluded th a t  CDF is a metabolic  
product o f T. vaginal is  ra th e r  than an in te rn a l component; a lysate  of 
the organism was in a c t iv e ,  whereas expected a c t iv i t y  was present in 
the supernatant. They reported th a t the molecular weight is l ik e ly  to  
be in excess of 10^ kd as a f te r  u l t r a f i l t r a t i o n  through a membrane 
with th a t  cut o f f  p o in t,  there was a c t iv i t y  in the re te n ta te  but not 
the f i l t r a t e .
In summary, fo r  many years i t  has been known th a t T. vaginal is  
produces d e g e n e ra t iv e  changes in  exp e r im en ta l e p i t h e l i a l  c e l l  
cu ltu res . Cell free  f i l t r a t e s  have been found to.produce less dramatic 
degenerative changes and not a l l  authors have been able to observe 
these changes. Pathogenic trichomonad species have been shown to  
produce these e ffe c ts  in contrast to commensal trichomonads, fo r
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example, Pentat r ichomonas hominis  , and T. tenax  and d i f fe r e n c e s  
between the e ffe c ts  and v iru le n t  s tra ins  of the same species have been 
observed. A d if fe ren ce  in macrophage response to mild and pathogenic 
s tra ins  has also been shown. Extensive cytochemical changes have been 
d eta iled  although the mechanisms involved in destruction of e p i th e l ia l  
monolayers have not been e lucidated . Controversy s t i l l  exists  today 
over the existence of an exotoxin produced by trichomonads. Some 
authors are s t i l l  attempting to prove th a t  damage of mammalian c e l ls  
is  mechanical v ia  c o n ta c t ,  a p o p u la r  method being the  use o f  
m ic ro tu b u le  i n h ib i t o r s  to  p reven t a tta c h m en t .  O ther authors are  
attempting to  is o la te  and concentrate trichomonad cytotoxins.
1 .6 .2 .  In vivo
Attempts have been made to grow 7\ vaginal is  in experimental 
animals many times. The value of a r e l ia b le  in vivo mammalian model 
fo r  studying various aspects of h o s t-paras ite  in te ra c t io n s ,  such as to  
e v a lu a te  in h e re n t  p a th o g e n ic i ty  le v e ls  and to  assay e f f e c t s  o f  
antitrichomonal drugs, being rea lised  e a r ly .  Many d i f fe r e n t  species of  
animal have been tested and many s ites  of trichomonad inoculation  
t r i e d  (T r u s s e l l  & McNutt, 1 9 4 1 ) .  I t  was found, however, th a t  T. 
vaginal is  would grow only in human and monkey vaginas and T. foetus  
was in fectious  only fo r  c a t t le  and dogs in t ra v a g in a l ly .  In 1955, Kean 
and Weld reported the growth of trichomonads in the a n te r io r  chamber 
of the rabb it eye. Although growth also occurred in the r a t ,  the  
rab b it  was considered more favourable because o f the la rg e r  s ize  eye 
and greater volume of aqueous humour. Pathological changes in the eye 
began several days p o s t- in fe c tio n  when the cornea became opaque, and 
f lu id  removed from the a n te r io r  chamber appeared tu rb id .  At th a t time 
parasites were present in g reater numbers. A moderate inflammatory 
exudate was present in the aqueous humour and sections of the eye
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disclosed numerous eosinophilic  leutocytes and p ro l i fe ra t io n  of the 
endothelium with the beginning of vascu lariza tion  of the cornea. 
Transm ission and s e r ia l  passage o f T. v a g i n a l i s  in  the  a n t e r io r  
chamber of the rab b it  eye were reported to be possible.
The in tra m u s c u la r  ro u te  is  an o th er method o f  T. v a g i n a l i s
t
in fe c t io n  which has been atempted and found unsuitable fo r  routine use 
although Schnitzer et  a l .  (1950) recommended i t s  use in mice. Ivey and 
Hall (1964) iso la ted  s tra ins  o f T. vaginal is  from symptomatic and 
asymptomatic patien ts  and in jec ted  these in to  groups o f mice v ia  the 
i n t r a p e r i t o n e a l , s u b cu tan eo u s  and in t r a m u s c u l a r  r o u t e s .  No 
re la t io n sh ip  was found between the huiftan host status and the v irulence  
of the s tra in  when in jected  in t ra p e r i to n e a l ly .  There seemed to be a 
possible re la t io n sh ip  when mice were infected subcutaneously in that  
the m ajor ity  of s tra ins  iso la ted  from symptomatic patien ts  exhibited  
more marked viru lence fo r  mice than did any of the s tra ins  iso lated  
from asymptomatic persons. In contrast,  the intramuscular route seemed 
of no value in assessing pathogenicity  towards humans.
Most studies on in trap er ito n ea l in jec tions  o f T. vaginal is  into  
experimental animals have been carr ied  out using mice although Teras 
(1954) observed chronic inflammatory process in guinea pigs inoculated  
in t ra p e r i to n e a l ly  with axenic cultures of T. vagina l is .  Some of the 
e a r l ie s t  reports of in trap er ito n ea l in fections  in mice came from the 
Estonian group (T e ra s ,  1954; Roigas, 1961) who s ta te d  th a t  the  
pathogenicity levels  of T. vaginal is  fo r  mice, as estimated by the 
in trap er ito n ea l assay, could be corre la ted  with the manifestations of 
trichomoniasis these s tra ins  caused in male and female p a tien ts .  A 
s im ila r  opinion was expressed by Bogovsky and Teras (1958). The data 
presented  by Teras (1 9 5 4 ) ,  however, d id  not show an ab so lu te  
c o r re la t io n .
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As mentioned previously, Ivey and Hall (1964) reported that the 
in trap erito n ea l mouse assay was unsatisfactory  fo r  estimating inherent 
pathogenicity levels  of T. vaginal is  s tra in s ,  and Reardon et  a l .  
(1961) could d i f f e r e n t ia t e  c le a r ly  only between a s tra in  iso lated from 
a severe case of v a g in i t is  and one from a mild case; pathogenicity  
towards mice d if fe re d  among 11 s tra ins  obtained from patien ts  with  
moderate symptoms. These authors  a ls o  found d i f fe r e n c e s  in  
s u s c e p t ib i l i ty  between d i f fe r e n t  mouse s tra in s .
Gobert e t  a l . (1969) s tu d ie d  T. v a g i n a l i s  i n f e c t io n  o f  the  
peritoneal cav ity  at macroscopic level and found th a t th is  ty p ic a l ly  
involves p e r i t o n i t is  represented by ascites and abscesses or necrotic  
les ions. The f i r s t  v iscera l organs to be attacked in trichomonad 
in fec t io n  of the peritoneal cav ity  were reported to  be e ith e r  the 
l i v e r  (Teras & Roigas, 1966) or the pancreas (Gobert et  a l , ,  1970).
The u l t r a s t r u c t u r a l  study o f  l i v e r  abscesses inc luded  by 
in trap erito n ea l in jec t io n  of T. vaginal is  in the mouse was undertaken 
by B ru g e ro l le  et  a l .  (1 9 7 4 ) ,  who found t h a t  T. v a g i n a l i s , when 
in jected  in to  the peritoneal c av ity  of a mouse, grew w ith in  the l i v e r  
and peritoneum as well as in contact with the pancreas and in te s t in e .  
W ith in  th e  l i v e r ,  p a r a s i te s  appeared in the  s in uso ids  and were 
a sso c ia ted  w ith  leu kocytes  such as n e u t r o p h i ls ,  lymphocytes and 
macrophages. They adhered to the c e l l  membrane o f hepatic c e l ls  which 
were la c k in g  in glycogen but w ith  increased  numbers o f  l i p i d i c  
granules in the cytoplasm. The h o s t-ce ll  cytoplasm was phagocytosed, 
becoming vacuolated on i t s  way to complete obstruction. I t  was thought 
th a t  hepatocytes  and leu kocytes  were p robab ly  destroyed  by the  
to x ic i t y  of l y t i c  secretions from the trichomonad c e l l ,  and such 
secretion may also have led to the destruction of macrophages once 
parasites had been phagocytosed. The trichomonad c e l l  became amoeboid 
and pseudopods showed numerous m icrofilam ents. The c e l l  membrane of
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the trichomonad was sometimes covered by a th ic k ,  fuzzy coat. The 
Golgi apparatus was qu ite  well developed and cytoplasm was rich in 
glycogen p a r t ic le s .
Inoki and Yamada (1953) obtained fa ta l  in fections  o f mice i f  they
were trea ted  intravenously with a suspension o f washed erythrocytes
from young chickens before in tra p er ito n ea l inoculation with b a c te r ia -
f r e e  c u l tu re s  o f  T. v a g i n a l i s .  The reasons f o r  th e  in c re a se  in
s u s c e p t ib i l i ty  were not explained. This f ind ing  was la t e r  supported by
the work of Gobert et  a l .  (1969). He showed th a t s u s c e p t ib i l i ty  was
a lso  increased  by in traven o u s  i n je c t io n  o f human c e l l s  and
trichomonads themselves and by o ra l  a d m in is t r a t io n  o f  c e r t a in
o
immunosuppressing drugs e .g . a za th ip r in e . I t  would appear th a t in a l l  
cases the changes in host response were caused by suppression of the 
mouse immune system.
Laan (1966) studying in trap er ito n ea l in fections  of mice with T. 
v ag i na l is , noted th a t among other physiological changes, pathogenicity  
levels  were lowered by prolonged in v i t r o  c u l t iv a t io n  (over 4 months) 
of T. vaginal is  s tra in s .  He also suggested th a t drug treatment of 
patients  could reduce pathogenecity leve ls  of trichomonad s tra in s . In 
view o f  these  r e s u l t s ,  Laan concluded t h a t  on ly  the  a n t ig e n ic  
constitu tion  of T. vaginal is  was a 's ta b le '  a t t r ib u te ,  with v irulence  
and other physiological c h a ra c te r is t ic s  being changeable. Budilova and 
Kulda (1978) showed a marked increase in v iru lence of T. foetus  a f te r  
t re a t in g  host mice with in tra p er ito n ea l in jec tions  of f e r r ic  ammonium 
c i t r a t e  and other iron-conta in ing  compounds p r io r  to in trap erito n ea l  
inoculation of trichomonads. The resu lts  showed th a t an increase in
v irulence depends upon a continuous supply of an iron-compound in the 
i n i t i a l  three days of in fe c t io n .  The e f fe c t  is probably re la ted  to the 
parasites requirement fo r  iron and i t  is l i k e ly  th a t the enhancing
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e f fe c t  of f e r r ic  ammonium c i t r a t e  depends on th is  n u tr i t io n a l  need 
ra ther  than impairment of the host's c e l lu la r  defence.
Two more recent studies have concentrated on a comparison of 
various mouse models. Dohnalova and Kulda (1975) assayed 19 s tra ins  of 
T. foetus  using mice inoculating  subcutaneously and in t ra p e r i to n e a l ly .  
The q u a n ti ta t iv e  subcutaneous assay revealed th a t the s tra ins  tested  
could be grouped according to v iru lence . The in trap erito n ea l in fec t ion  
developed ty p ic a l ly  to the ' a l l  or nothing' ru le .  E ither the mice died 
4-10 days a f te r  inoculation or the parasites were eliminated w ith in  a 
few days. A p p a re n tly  the  c r i t i c a l  f a c t o r  was the  c a p a b i l i t y  o f  
ind ividual s tra ins  to m u lt ip ly  in the peritoneal c av ity .  V iru le n t  
s tra ins  m u lt ip l ie d  in te n s iv e ly  in the peritoneal exudate without 
invading t issues, the a v iru le n t  s tra in s  did not m u lt ip ly  under the 
same conditions.
Brasseur and Savel (1982) evaluated v iru lence of trichomonad 
iso la tes  in tissue cultures and compared these resu lts  to the e ffe c ts  
of some iso la tes  inoculated in mice. The pathogenicity levels  of 25 
i s o la te s  and 4 c lones o f  T. v a g i n a l i s  were e va lu a te d  on the  
observation of ra p id ity  and in te n s ity  of cytopathogenic e f fe c t  on 
MacCoy c e l l  cultures. The authors  assigned v i r u le n c e  in d ice s  to  
iso la tes  in both of the models used and found th a t values obtained 
from in vivo methods were almost a l l  less than those obtained using in 
v i t r o  methods. Six iso la tes  which showed a high index in v i t r o  had an 
index of zero in vivo.  However, the authors reported th a t s t a t is t ic a l  
analysis of the resu lts  with only 19 iso la tes  and four clones which 
had e ffe c ts  both in v i t r o  and in vivo revealed a co rre la t io n  between 
the two techniques of evaluation of v iru lence.
In summary, a r e l ia b le  in vivo model is needed to study aspects 
of the host-paras ite  in te ra c t io n ,  to e lu c ida te  inherent v irulence  
levels of trichomonads and to assay e ffe c ts  of anti-trichomonal drugs.
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Many routes e .g .  in t r a -o r b i ta l  and intramuscular were found unsuitable  
fo r  routine use. Most studies on in trap er ito n ea l in fections of T. 
vaginal is  have involved mice, although some investigators  have had 
success with the guinea-p ig . A c o rre la t io n  has been found between 
v ir u le n c e  le v e ls  o f  trichomonads f o r  mice i n t r a p e r i t o n e a l l y  and 
symptoms in male and female p a t ie n ts ,  however th is  is not absolute. 
The symptoms fo r  the experimental mouse in jected  in tra p e r i to n e a l ly  
with T. vaginal is  include p e r i t o n i t i s ,  c o lle c t io n  of ascites and 
abscesses or necrotic  lesions spread throughout the peritoneum and 
in to  the l i v e r  and pancreas. Suppression of the host-immune response 
in in fected animals leads to f a t a l i t y .  Using the in tra p er ito n ea l mouse 
model attenuation of v iru lence with prolonged in v i t r o  c u l t iv a t io n  was 
discovered. F err ic  ammonium c i t r a t e  introduced in to  the peritoneal  
cav ity  enhances v iru lence , th is  is thought to provide the n u tr i t io n a l  
requirement of T. vaginal is  fo r  iro n . The in tra p er ito n ea l mouse assay 
follows the 'a l l -o r -n o th in g '  ru le  fo r  detecting pathogenicity  levels  
in trichomonad is o la t e s  as mice f r e q u e n t ly  d ie .  This is  a less  
sens it ive  method than detecting v iru lence in tissue  cu ltu re  c e l ls ,  
however, a c o rre la t io n  between resu lts  gained from the two methods 
does occur.
These methods have been used r e la t iv e ly  l i t t l e  during recent 
years and the two in vivo models now favoured are those involving  
growth of the parasites subcutaneously and in tra v a g in a l ly .
1 .6 .2 .1 .  Growth Subcutaneously
The f i r s t  report of subcutaneous inoculations of trichomonads 
in to  a mammal was by T r u s s e l l  and McNutt (1 9 4 1 ) ,  who in o c u la te d  
cultures of T. vaginal is  and T. foetus  subcutan eously in to  guinea 
pigs but found no v is ib le  lesion even one month p o s t- in fe c t io n .  Most 
l a t e r  re p o rts  have a l l  been o f subcutaneous in o c u la t io n  in to
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laboratory mice, including th a t  of Schnitzer et  a l .  (1950) who noted 
the formation of abscesses in mice in jected  with axenic cultures of T. 
vaginal is .
In 1961 Honigberg devised 'th e  subcutaneous mouse assay' fo r  
evaluating inherent pathogenicity  buds of s tra ins  of various species 
o f trichomonads in c lu d in g  T. v a g i n a l i s . The assay in vo lved  
subcutaneous inoculation of 8-9x10^ trichomonads in an agar-containing  
medium in to  both flanks o f 6-8 week old C57/BL6J mice, male or female. 
He established by measurements th a t the protruding parts of lesions  
corresponded to  h a l f  a sphere; thus the  volumes o f  le s io n s  were 
estimated from the fo llow ing formula:
4/3  l /2  x W/2  x  H
volume = ------------------------------------
2
= 0.5236 x L x W x H
where L is the length of lesions; W, the width and H, the height.  
Honigberg maintained th a t a l l  necessary information about r e la t iv e  
pathogenicity could be obtained on the basis of mean volumes of 6 day 
lesions. A s t a t is t ic a l  comparison of the mean volumes o f subcutaneous 
lesions produced in mice by the several s tra ins  of T. vaginal is  and T. 
ga l l i nae  tested revealed th a t these volumes, taken to express the  
degree o f pathogenicity of the s tra ins  to the experimental hosts, 
f a i t h f u l l y  re f lec te d  the r e la t iv e  viru lence of the s tra ins  to the 
natural hosts.
The presence o f  agar in the  in o c u la t io n  medium o f both  
T. vaginal is  and T. ga l l i na e  enhanced the development of subcutaneous 
lesions. There was some experimental evidence e»g. absence of growth 
of lesions with inoculation media alone, ind ica ting  th a t the e ffe c ts  
of agar were not confined to i t s  action as an i r r i t a n t  upon host 
tissues but that th is  substance must have had some influence upon the
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physiology of the p a ras ites , rendering them more pathogenic. The 
substitu tion  of methyl ce l lu lo se  fo r  agar in the medium enhanced the 
viru lence of the parasites  to a less degree although the abscesses 
produced were s t i l l  qu ite  la rge . Smaller lesions resulted from inocula  
th a t  c o n ta in  mucin in  p lace  o f a g ar .  Abscesses produced by the  
p a r a s i te s  in th e  presence o f  g e la t in  were no la r g e r  than those  
r e s u l t in g  from in o c u la t io n  o f  trichomonads grown on media which 
included no viscous substances.
Various reports have been made of modifications of th is  basic 
assay including suggestions of a l te rn a t iv e  animal models. For example, 
Kulda (1965) found t h a t  w ith  T. g a l l i n a e  o f  th e  8 mouse s t r a in s  
tested , Balb/c were the most su itab le  fo r  the subcutaneous assay. 
Newton et  a l .  (1960) made a comparative study of the growth of T. 
vaginal is  subcutaneously in germ-free and conventional guinea pigs. On 
the  basis  o f  t h e i r  r e s u l t s ,  the  authors  d e c la red  t h a t ,  w ith  a 
pathogenic s tra in  of T. vaginal is  the germ-free guinea pigs were more 
susceptible to the paras ite  than the conventional animals. The authors 
suggested t h a t  the  f a i l u r e  o f  the  p a r a s i te  to  prosper in the  
conventional animals was due not to the lack o f n u tr i t io n a l  essentia ls  
but ra th e r to some tissue  response or other defense mechanism not 
present, or underdeveloped in the germ-free animals. They concluded 
th a t the constant presence of a f lo r a  stimulated the development and 
m aintenance o f  c e r t a i n ,  n o n s p e c if ic  aspects o f  the  co n ven tio n a l  
animal's defense mechanism. They considered that the f a i lu r e  o f the  
germ-free animals to have mother's milk during the f i r s t  few days of 
l i f e ,  as did the conventional animals, may also have been a fa c to r .
Kuczynska et  a l .  (1984) compared the v iru lence of clones of two 
T. vaginal is  s tra ins  using the subcutaneous assay and reported th a t ,  
although fo r  research purposes cloned populations should be employed
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whenever possible, non-cloned s tra ins  produce r e l ia b le  resu lts  and are 
su itab le  fo r  use in routine v iru lence assays.
That d ifferences in the mean volumes of subcutaneous lesions  
r e f le c t  d ifferences in the progression of pathologic processes was 
demonstrated by Frost and. Honigberg (1962). They reported th a t the  
outcome of the in fect ion  was determined by many factors  including the 
rates of m u lt ip l ic a t io n  and death of the p aras ites , in f lu x  and death 
of polymorphonuclear leukocytes, damage to host tissues and spreading 
of the  le s io n .  They re p o rte d  t h a t  w ith  a pathogen ic  s t r a in  o f  
Trichomonas v a g i n a l i s  th e  f i r s t  massive m u l t i p l i c a t i o n  o f  the  
f la g e l la te s  occurred throughout the e n t ire  area o f inoculum between 
the 16th and 32rd hour fo llow ing t h e i r  introduction in to  the host. 
Neutrophils migrating from the surrounding tissues formed a mantle 
against the inner margin of the les ion . These s o l id ly  packed organisms 
l ined up against the w a l l ,  moved the f i r s t  leukocyte mantle inward, 
and formed the  f i r s t  trichomonad m a n tle .  More leu ko cytes  were 
a t t r a c t e d  and the  process repeated  i s e l f .  This same o r d e r ly  
progression occurred in a l l  the other trichomonad s tra in s  examined, 
varying only in d e ta i ls  o f pa tte rn , time in te rv a ls ,  and s eve rity  of  
response. The h istopathological processes of the various s tra ins  
co in c id ed  w ith  th e  gross assessment o f  t h e i r  r e l a t i v e  le v e ls  o f  
pathogenicity as revealed through measurements o f the volumes o f  
subcutaneous lesions (Honigberg, 1961). The pecu lia r  palisading o f the  
f l a g e l l a t e s  a g a in s t  the  in n e r  margin o f the  in o c u la t io n  pocket  
resembled the  arrangement o f  the  p a ra s i te s  on the  pharyngeal  
epithelium of pigeons infected experimentally with a highly pathogenic 
s tra in  of T. ga l l i nae  (Perez et  a l . ,  1961). Also.Reardon et  a l .  (1961) 
described  a s im i l a r  s i t u a t io n  in l i v e r  le s io n s  o f  mice in je c te d  
in trap erito n ea l ly  with a pathogenic s tra in  of T. vagina l is .  According 
to these workers there was always a band of parasites at the forward
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edge of the necrotic  lesion as i t  progressed through the l i v e r .  Just 
behind t h is  band o f f l a g e l l a t e s  was a zone o f  i n f i l t r a t i n g  
in flam m atory  c e l l s ,  p r i n c i p a l l y  polym orphonuclear leu k o c y te s .  
Trichomonad breakouts through the wall o f the lesion in the early  
stages of the lesion appeared to  be associated with a c t iv e ly  growing 
f la g e l la te s  and dying leucocytes. The f i r s t  break through the wall of 
a lesion of a highly pathogenic s tra in  of T. vaginal is  was noted on 
the 4th day, at about the end of the formation of the 2nd leukocytic  
mantle and the beginning of the formation o f the 2nd trichomonad 
m an tle .  S ince ly s is  o f the  w a l l  appears to  be one o f  the  basic  
mechanisms of spread, i t  is possible th a t enzymes derived in part from 
degenerating leukocytes of the mantle account fo r  th is  action . In 
add ition , however, there is evidence th a t some substances produced by 
the parasites themselves may contribute  to the breakdown of the wall 
(Honigberg & Ewalt, 1963). Near the end of the 14th day the wall 
becomes th ick  and f ib r o t i c .  Further breakthroughs of the parasites out 
of the abscess must be a ffected  by lys is  of th is  dense w a l l .
Leukocytes play an important ro le  in trichomonad pathogenicity .  
Their breakdown not only appears to be re la ted  to the lys is  o f host 
t is s u e s ,b u t  may a c t u a l l y  p ro v id e  nourishment f o r  the  p a r a s i te s .  
Phagocytes are extremely a c t iv e ,  however, in ingesting trichomonads 
w ith in  the  abscess as w e ll  as out in the  t is s u e s .  Numerous w e l l  
preserved f la g e l la te s  of a T. ga l l i nae  s tra in  were observed w ith in  
polym orphonuclear le u k o c y te s .  The in g e s t io n  o f trichomonads by 
polym orphonuclear leu kocytes  in both n a tu ra l  and exp erim en ta l  
in fections  has been reported by many authors including Frost et  a l .  
(1961). Thus, Frost and Honigberg (1962) found i t  unsurprising that  
th is  occurrence was very common in t h e i r  preparations. Trichomonad 
parasites in non-phagocytic c e l ls  of the hosts, however, were not seen
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in th is  study. The ingestion of leukocytes by trichomonads has been 
reported by several workers, but was not observed in th is  study.
u\
Frost et  a l .  (1961) examined in t r a c e l la r  T. vaginal is  and T.
ga l l i nae  in natural and experimental in fe c t io n s . Histopathological 
examination o f  subcutaneous lesions produced in C57/61 mice by axenic 
cultures of T. ga l l i nae  revealed host phagocytes apparently engulfing  
the  f l a g e l l a t e s .  These in c lu d ed  m u lt in u c le a te  g ia n t  c e l l s  and
mononucleate macrophages. These in t r a c e l lu la r  terms usually appeared 
healthy, and at times several trichomonads are found in a s ing le  host 
c e l l .  A tissue biopsy of the cerv ix  u te r i  o f a 30 year old p a tien t in 
the 4th month of pregnancy revealed T. vaginal is  w ith in  non-phagocytic 
human e p i th e l ia l  c e l ls  (Frost et  a l . ,  1961).
Teras (1963) discovered th a t  the growth ra te  o f fre s h ly  iso la ted  
T. vaginal is  s tra ins  in axenjc cultures was inversely  proportional to  
pathogenicity leve ls  in mice, and according to Laan (1966), fresh  
iso la tes  of highly pathogenic parasites had slower metabolism in 
axenic  c u l tu r e s  than the  less  v i r u l e n t  tr ichom onads. S im i la r  
conclusions with regard to the re la tionsh ips  of pathogenicity of T. 
vaginal is  s tra ins  fo r  patien ts  and mice and generation times in axenic 
cultures could be drawn from the resu lts  of Newton et  a l .  (1960), and 
Kulda e t  a l .  (1 9 7 0 ) .  Kulda et  a l . (1970) had an a l t e r n a t i v e
explanation of th is  apparent inverse co rre la t io n  of pathogenicity and 
growth ra te  in v i t r o .  The resu lts  indicated th a t the slowly growing 
parasites were iso la ted  from women su ffering  from symptomatic diseases 
of the urogenital organs. Not in a l l  instances could these diseases be
r e la te d  to  the  presence o f  trichomonads e .g .  ad enocarcinoma o f
endometrial v a g in i t is ,  there is much pus and caseous m ateria l in the 
lower parts of the urogenital t r a c t .  The f la g e l la te s  f lo u r is h  in such 
an environment, which is r ich  in various n u tr ie n ts .  Kulda et  a l .  
(1970) suggested that trichomonads which had l ived  fo r  long periods in
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such a n u tr ie n t - r ic h  environment had become highly dependent upon the 
factors  present in such an environment. Their low growth ra te  in v i t r o  
could be due to the absence of such factors  and there fore  not r e f le c t  
the p a ra s ite 's  inherent pathogenicity .
In 1961 Honigberg used his subcutaneous mouse assay to detect  
differences in v irulence between stra ins  and compared th is  with the  
pathogenicity  of s tra ins  in humans. Since then several other workers 
have performed experiments with the same aim. Dohnalova and Kulda 
(1975) assayed 19 s t r a in s  o f T. f o e t u s  using la b o ra to ry  mice  
inoculated subcutaneously or in tra p erito n ea l ly .  The q u a n tita t iv e  
subcutaneous assay on CBA/J inbred mice revealed several groups of 
s ig n if ic a n t ly  d i f fe r e n t  v iru lence. Convincing resu lts  with regard to a 
p o s it ive  c o rre la t io n  between pathogenicity of T. vaginal is  s tra ins  fo r  
mice and fo r  patien ts  were subsequently published (Honigberg et  a l . ,  
1966; Kulda et  a l . ,  1970). Kulda and Petru (1966) however, although 
they found d ifferences in pathogenicity fo r  mice among 15 s tra ins  of 
T. v a g i n a l i s , were unable to  o b ta in  any c o r r e la t io n  between the  
pathogenicity  levels  of the s tra ins  fo r  animals and t h e i r  e ffe c ts  upon 
the  p a t ie n ts  from whom th e  p a ra s i te s  were is o la t e d .  P o ss ib le  
explanations fo r  th is  lack of co rre la t io n  were thought to be previous 
in fec t io n  by trichomonads, the e ffe c ts  of co -ex is ting  microorganisms 
and changes in pathogenicity due to c u l t iv a t io n .  Brasseur and Savel 
(1982) compared methods of tes t in g  viru lence and found th a t although a 
co rre la t io n  was observed between host sym ptoms and v iru lence in the  
subcutaneous mouse assay, a more s e n s i t iv e  method was to  use 
trichomonads in  c u l tu r e  w ith  mamnvalian c e l l s .  A ld e r e t e 's  (1983)  
resu lts  are also at variance with accumulated information concerning 
the dependability  of the subcutaneous mouse assay. He used 5 s tra ins  
of T. vaginal is  and 1 of T. foetus  and claimed that a l l  these s tra ins
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were equally  v iru le n t  fo r  mice when assayed by his procedure even 
though 1 s t r a in  had been is o la te d  from a p a t ie n t  showing no 
cytopathological abnormalities and another came from a very acute case 
of v a g in i t is .  Despite i t s  l im ita t io n s  and the uncertain ty  of i t s  
d e p e n d a b i l i ty  as a measure o f  v i r u le n c e  towards humans, the  
subcutaneous mouse assay has been extensive ly  used fo r  assigning 
viru lence values to iso la tes  o f T. v ag i n a l i s , fo r  checking attenuation  
of v iru lence with prolonged in v i t r o  c u ltu re ,  to  detect d ifferences in
v iru lence between s tra ins  and also to te s t  trichomonacidal a c t iv i t y  of
various compounds e .g .  Meingassner and Lindmark (1977).
1 .6 .2 .2 .  Growth In tra v a g in a lly
A) Experimental In fections in Humans
Experimental inoculation of trichomonads in to  the human vagina 
was attempted by several investigators  fo r  the purpose of ascertaining  
t h e i r  pathogenicity  e .g .  Feo et  a l . ,  1941). A d e f in i te  pathogenicity  
has been a t tr ib u te d  to the organism since the experimental inoculation  
of b a c te r ia - f re e  s tra ins  in to  the human vagina was carr ied  out by 
T ru s s e l l  (1 9 4 7 ) .  T ru s s e l l  (1947) concluded t h a t  ' i n t r a v a g in a l  
inoculation o f p a ra s i te - f re e  women with pure cu ltures of T. vaginal is  
may re s u lt  in moderate pathologic a lte ra t io n s  of the vaginal discharge 
and mucosa and less frequently  in the production o f symptoms'. He also  
believed th a t  T. vaginal is  cause v a g in i t is  regardless o f the b a c te r ia l  
f l o r a  i n i t i a l l y  p re s e n t .  Asami and Nakamura (1955) in o c u la te d  9 
volunteers with b a c te r ia - f re e  T. vaginal is  in to  the vagina. Seven of  
them became in fected  and developed v a g in i t is  of varying in te n s ity .  I t  
has been considered t h a t  abnormal v ag in a l f l o r a  may fa v o u r  the  
establishment of the in fe c t io n ,  although the experiments of these 
authors suggested th a t th is  is not so. The ro le  of vaginal glycogen in 
the maintenance of an acid environment which in h ib i ts  the invasion and
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growth of pathogenic bacteria  is well recognized (Ayre et  a l . t 1950). 
In cases of vaginal trichomoniasis defic iency o f glycogen in the 
vaginal mucosa has been observed by several authors (e .g .  Ayre et  a l . t 
1950). Asami and Nakamura's experiments demonstrated a decrease in the  
amount o f  glycogen in vag in a l e p i t h e l i a l  c e l l s  fo l lo w in g  the
i
introduction of the p aras ites . I t  is known th a t  Doderlein 's  b a c i l l i  
require  much glycogen fo r  th e i r  m u lt ip l ic a t io n ,  so growth of these 
b a c i l l i  would be in h ib ited  by th is  reduction in the glycogen content 
o f the  v ag in a l w a l l .  Thus i t  is  suggested t h a t  the  v igorous  
consumption of glycogen by trichomonads leads to the presence o f fewer 
L a c to b ac il l i  and consequently a less acid vaginal pH which f a c i l i t a t e s  
the invasion of the vagina by abnormal b a c te r ia .  This resu lts  in 
v a g in i t is  through synerg is tic  action of trichomonads and b a c te r ia .
B) In t r a v a g in a l  In fe c t io n s  o f  Trichomonas v a g i n a l i s  in  
Laboratory Anjm als
( i )  Monkeys
Only a few a ttem pts  have been made to  i n f e c t  monkeys w ith
trichomonads, in a l l  cases the f la g e l la te s  were introduced in to  the
vagina. The f i r s t  reported attempt was made by Hegner (1928) who
cultured trichomonads from the in te s t in e  of monkeys and in jected  them
into the vaginas of 6 experimental monkeys. On the second day a f te r
inoculation washings from the vaginas of 5 of these monkeys contained 
r
tichomonads. However, only two monkeys retained trichomonads in the 
vagina fo r  5 days, although one monkey in fec t ion  lasted at least 15 
days and another a t le a s t  21 days. Monkeys which had r e s is te d  
in fec t io n  by trichomonads from the in te s t in e  were then inoculated with  
trichomonads iso la ted  from monkey vaginas. Only one of the 4 monkeys 
became in fec ted , the in fe c t io n  las ting  approximately 17 days. The 
author suggested that the two loctions harboured the same trichomonad
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species and that n a tu ra lly -o ccu rr in g  vaginal in fections  in monkeys may 
arise  from faecal contamination.
Johnson et  a l . (1950) carr ied  out an extensive study of Rhesus 
monkeys infected with an axenic cu ltu re  o f a recently  iso lated T. 
vaginal is  s t ra in .  The authors attempted to discover, using the monkey 
as a model, why exacerbations o f trichomoniasis occur in humans around 
the time of menstruation, when symptoms are usually most severe. None 
of t h e i r  monkeys, however, although harbouring p aras ites , developed 
signs o f v a g in i t is .  The period between inoculation of parasites and 
f i r s t  demonstration o f successful implantation o f trichomonads varied  
from 2-23 days and the duration of in fec t io n  ranged from 51-479 days. 
I t  seemed th a t young animals were re fra c to ry  to in fe c t io n  with T. 
vaginal is  and success in implanting the trichomonads was not l ik e ly  
u n t i l  a f te r  the onset of the f i r s t  menses. Abrupt f lu c tu a tio n s  in the  
number o f  trichomonads in in fe c te d  vaginas o c cu rre d . P a r a s i te
populations tended to subside during midcycle even to the point where 
parasites could not be found. The duration of these subpatent periods 
varied between 9-37 days. In the period ju s t  before and ju s t  a f te r  
menstrual flow, sudden increases in number of parasites occurred. In 
many instances the population was observed to change over 48 hours 
from a condition in which none or very few trichomonads could be found 
to  one in  which very  many were p re s e n t .  These perio ds  o f  high
population lasted only a few days. I t  was usual fo r  two peaks to be
reached in each cycle, one ju s t  a f te r  the period and one ju s t  before
onset o f the next flow. No co rre la t io n  of abundance of trichomonads 
wih the amount of glycogen in stained vaginal smears was observed, nor 
w ith  t im e o f  o v u la t io n .  Hence, Johnson and co -w o rke rs , a lthough  
observing s im ila r  f lu c tu a tio n s  in trichomonad numbers during the 
monkey menstrual cycle as occurs in humans, could not, from th e i r  
resu lts  give a reason fo r  th is .
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C u ck le r  e t  a l .  (1955) used th re e  monkeys w ith  3 yea r  old  
in travag ina l in fections  of T. vaginal is  fo r  te s t in g  the e f fe c t  of 
o ra l ly  administered am in itrazo le . Unfortunately  no d e ta i ls  of the 
course of in fec t io n  before drug treatment were given.
( i i )  Hamsters
A p a r t i c u l a r  problem w ith  using hamsters as a model f o r  
i n t r a v a g in a l  in f e c t io n  o f  T. v a g i n a l i s  is  th e  e x is te n c e  o f  a 
n a tura lly -occurr ing  trichomonad which is thought to be of in te s t in a l  
o rig in  but which is often found contaminating the hamster's vagina. 
Kradolfer (1954) found th a t among several hundred females of varying  
ages and l i t t e r s  examined, cases o f  a ' n a t u r a l '  in f e c t io n  by 
trichomonads were found in samples from the vagina and also in the 
faeces. Of 500 tests  made at each s i t e ,  11 p o s it ive  findings were 
observed from the vagina and 8 p o s it ive  smears from the faeces. The 
p o s s ib i l i ty  of the presence of th is  organism should there fore  be taken 
in to  account in any experiments involving hamsters. There has been a 
recent case of i t  complicating the model developed fo r  drug tes tin g  
(L a t te r  et  a l . ,  1986).
Hamsters can be infected with T. foe t us .  From the resu lts  o f a 
study in v o lv in g  149 hamsters ( K r a d o l f e r ,  1 9 5 4 ) ,  the  degree o f  
in fe c t io n ,  as measured by wet smears, approached i t s  maximum on the 
19th day and i t  was noted th a t  the maximum of 84% was s l ig h t ly  higher 
than the in fec t ion  ra te  of T. foetus  obtained with rabbits  as reported  
by McDonald and Tatum (1948). A greater number o f hamsters showed an 
in fec t io n  which persisted fo r  long periods. For example, 20 hamsters 
were s t i l l  p o s it ive  on the 85th day, and four animals kept fo r  more 
than 105 days s t i l l  demonstrated typ ica l trichomoniasis at th is  time. 
The number of trichomonads found in smears from an ind iv idua l animal 
f luctuated  g re a t ly .  Periods of exceptiona lly  high or low paras ite
61
numbers la s t in g  f o r  severa l days and lo n g er were observed. This  
phenomenon was o r ig in a l ly  thought to be a t t r ib u ta b le  to the female 
oestrus  c y c le  described  in d e t a i l  in  s e c t io n  1 . 6 . 2 . 3 . ,  but upon 
fu r th e r  study the possible co rre la t io n  was not confirmed and i t  was 
concluded th a t other factors  were involved.
Passage from hamster to hamster of th is  trichomonad s tra in  was 
possible. The possible occurrence of natural transmission was also  
investigated . Infected and non-infected female hamsters were housed 
together in the same cages. A fte r  two months exposure, one of the  
th re e  animals i n i t i a l l y  n o n - in fe c te d  had become p o s i t i v e  f o r  
trichomonads.
Trichomonads were found in the vagina and c e rv ix ,  but never in 
the horns o f the uterus. H is to log ica l examination revealed three types 
of p a ra s i t ic  lo c a l iz a t io n .  Most of the parasites were s ituated  in the  
central portion of the vagina, surrounded by leukocyte and e p i th e l ia l  
c e l ls ;  scattered parasites lay in the small lumina of the la te ra l  
c ry p ts ;  r e l a t i v e l y  few p a ra s i te s  were d e te c ted  adhering  to  the  
e p i th e l ia l  w a l l ,  with occasional sections showing an organism embedded 
between e p i th e l ia l  c e l ls  (K rado lfer,  1954).
By repeated in travagina l inoculations of T. v ag i na l is , Uhlenhuth 
and Schoenherr (1955, in Honigberg, 1978) were able to estab lish  
las t in g  in fections  in golden hamsters, providing they were at least 6 
weeks o ld . In fections could be terminated by invasion of the vagina by 
Pentatrichomonas a r d i n d e l t e i l i  , a natural inhab itant of the gut, which 
e v id e n t ly  overgrew T. v a g i n a l i s .  I t  was p o s s ib le  to  passage 
in tra v a g in a lly  growing T. vaginal is  through hamsters. However, in view 
of the l ike lih o o d  of invasion by Pentatrichomonas species from the gut 
e xp erim en ta l in fe c t io n s  must be most c a r e f u l l y  m onitored by 
microscopic examination and c u lt iv a t io n  in order to ensure tha t the
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correct species is being studied.
In 1969 A ctor e t  a l . used hamsters which they in fe c te d  
in tra v a g in a lly  with T. foetus  in experiments to develop metronidazole- 
resistance in the f la g e l la t e .  A f te r  in fe c t io n  of young, v irg in ,  female 
hamsters with T. foetus  in tra v a g in a l ly  the animals were subsequently 
trea ted  with sub-optimum doses of metronidazole. Trichomonads were 
then iso la ted  from the hamster vaginas and compared with the parent 
s tra in  using an in v i t r o  te s t  to measure metronidazole s e n s i t iv i t y .  
The minimum in h ib ito ry  concentration fo r  the re s is ta n t  is o la te  was 
found to  be approximately ten times g reater  than th a t  fo r  the parent 
s tra in .
( i i i )  Guinea Pigs
Newton e t  a l . (1960) were unable to  e s t a b l is h  T. v a g i n a l i s  
in fections  in the vaginas o f guinea pigs untreated with hormones. 
However, l a t e r  authors were able to estab lish  T. vaginal is  in fections  
in guinea pig vaginas. A long series of reports were given by a group 
of investigators at the Medical School in B ia lystok , Poland (e .g .  
Kazanowska, 1966; Kazanowska & Kuczynska, 1966; Kazanowska et  a l . ,  
1973). The f i r s t  and basic report was made by Soszka et  a l .  (1962) 
which d e a l t  w ith  c y t o lo g ic a l ,  h is t o lo g ic a l  and h is to ch em ica l  
observations on the vaginal epithelium . Guinea pigs o f three groups 
( s e x u a l ly  immature, s e x u a l ly  mature and spayed) were in o c u la te d  
in tra v a g in a lly  with axenic cu ltures of T. vagina l is .  Manifestations of 
inflammation appeared between 24 hours and 75 hours p o s t- in fec tio n  in 
a l l  groups; the animals had copious purulent vaginal discharge and 
t h e i r  vulvas appeared swollen. Loss of appetite  and general d e b i l i t y  
were also observed. In cyto log ica l smears, besides varying numbers of 
leukocytes and trichomonads, there were present squamous e p i th e l ia l  
c e l ls  with enlarged and deformed nuc le i.  Squamous epithelium covered
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in muc ous was noted in preparations in which changes in arrangement 
and s tructure  of ce l l  layers were also present. Variable  numbers of 
leukocytes were found to have in f i l t r a t e d  the stroma. On the basis of 
t h e i r  observations, the authors concluded th a t 'prolonged T. vaginal is  
in fec t ion  a lte rs  the metabolism of the vaginal e p i th e l ia l  c e l ls ,  which
.1
may give r is e  to precancer and cancer s ta te s ' .  Pathological changes of 
the  u te r in e  mucosa o f i n t r a v a g i n a l l y  in fe c te d  guinea pigs were 
described by Kazanowska (1962). From the resu lts  of in fections  of 85 
guinea pigs she suggested th e  p o s s i b i l i t y  t h a t  d is tu rb an ces  in  
metabolism of the uterine  mucosa c e l ls  in trichomoniasis constitu te  
the source of certa in  pathological conditions in pregnancy and of 
i n f e r t i l i t y  in animals and humans. Skryzpiec (1975) reported extensive  
cyto- and histochemical studies of the vaginal portion o f the uterus 
of guinea pigs infected with T. vagina l is .  S im ila r  findings were 
re p o rte d  by G inel (1962) w ith  resp ec t to  th e  v ag in a l  mucosa o f  
pregnant guinea pigs infected with T. vagina l is .  As the in fec t ion  
progressed, animals aborted usually  s in g le , macerated foetuses.
By using a n t i -T .  v a g i n a l i s  r a b b i t  serum con jugated  w ith  
isothiocyanate, Soszka et  a l .  (1965) observed strong fluorescence of 
trichomonads and a weaker one of the squamous e p i th e l ia l  c e l ls  in 
vaginal smears. In sections the d is t r i c t  fluorescence was found in the 
e n t ire  epithelium . The authors suggested th a t fluorescent antibody 
methods could be employed fo r  d i f fe r e n t ia t io n  between Trichomonas- 
caused inflammation and neoplasia in the absence of trichomonad no 
fluorescence was seen in preparations trea ted  with anti trichomona! 
conjugate.
Kazanowska (1966) reported th a t pathologic, changes s im ila r  to ,  
although less extensive than those observed in guinea pigs infected  
in tra v a g in a lly  with T. vaginal is  were present in animals receiving
in t r a p e r itoneal inoculations of th is  p a ras ite .  This find ing  and the
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observed accumulation of f la g e l la te s  around blood vessels suggested to 
the author th a t the protozoa can spread v ia  the c irc u la to ry  system; 
however, there is no convincing evidence th a t in human in fections th is  
mode of spreading is possible.
In a re la ted  inves tiga tion  Soszka et  a l .  (1973) examined, by 
h is to lo g ica l and cyto log ica l methods, the e ffe c ts  of T. vaginal is  upon 
the urinary  system of male and female guinea pigs. Parasites were 
introduced e ith e r  v ia  the urethra or s u rg ica l ly  in to  the bladder and 
rena l p e lv is .  V a r ia b le  numbers o f  leu kocytes  and desquamated 
e p i th e l ia l  c e l ls  were found in the urine sediments of both sexes. 
V ir t u a l ly  no pathological changes were noted in the mucosa of the 
urethra or bladder of males. In females, however, a few days post­
in fe c t io n ,  there was a p i l in g  up of e p i th e l ia l  c e l ls  in these organs. 
Pathological changes corre la ted  with histochemical a lte ra t io n s  in the 
urinary  system of female guinea pigs (Kaznowska et  a l . ,  1973).
( iv )  Rats
Success in estab lish ing  las t in g  in fections  o f T. vaginal is  in the 
vaginas o f rats  was achieved by Cavier and Mossion (1956a,b). They 
used spayed rats  in which permanent oestrus had been induced and 
maintained by a series of subcutaneous inoculations of oestradiol 
benzoate. Subsequently, Combscot et  a l .  (1959) repeated and amplified  
these experiments. By using massive dosages of oestrogen, they were 
able to induce permanent oestrus and estab lish  T. vaginal is  also in 
in ta c t  ra ts .  Asami (1956) castrated his rats  and implanted a 30-40mg 
p e l le t  of oestradiol subcutaneously to induce and prolong the oestrus 
condition . Trichomonads began to appear in the vaginal discharge 3-5 
days a f t e r  t h e i r  in o c u la t io n ,  and subsequently  an in c rea se  in 
p o p u la t io n  was seen in most an im a ls .  A f t e r  the  in f e c t io n  was 
established, i t  persisted as long as the rats were kept in oestrus
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condition. The in fect io n  ra te  of the ra t  vagina achieved by Asami was 
60%, although he admitted th a t i t  was not always th is  high. In a few 
an im a ls , trichomonads d isappeared  spontaneously  e a r ly  in  the  
i n f e c t io n .  However, in  ra ts  in which the  in f e c t io n  had become 
established, the f la g e l la te s  usually  persisted fo r  more than one 
month. The in fe c t io n  was s u f f ic ie n t ly  s tab le  and p ers is ten t to permit 
adequate post-treatment observations and evaluation of therapy.
Michaels et  a l .  (1962) reported th a t successful in travaginal  
in fection  of rats  with T. vaginal is  may depend upon the s tra in  of both 
the paras ite  and the ra ts  employed. Fresh p aras ite  iso la tes  appeared 
more su itab le  fo r  in fe c t io n .  According to these workers, a s ingle  
i n j e c t io n  o f  a long la s t in g  o e s t r a d io l  p re p a ra t io n  (o e s t r a d io l  
cyclopentyl propionate) could be used instead o f the numerous doses of 
o e s t r a d io l  benzoate re q u ire d  to  m a in ta in  th e  ra ts  in  permanent 
oestrus. Chappaz (1964) also established T. vaginal is  in spayed rats  
trea ted  with oestrogen. Meingassner and Mieth (1976) used spayed, 
oestrogen-treated rats  fo r  establishment of in travag ina l in fection  
with T. vagina l is .  However, he found more r e l ia b le  resu lts  i f  the 
introduction of T. vaginal is  was preceded by inoculation of Candida 
albicans  in to  the vagina of the r a t .  Nedvedora and Kulda (1978) using 
M eingassner's  (1976) method found t h a t  trichomonads r e a d i l y  
established in the vagina of ra ts  concurrently with a Candida albicans  
in fe c t io n .  They reported th a t the in fec t io n  ra te  was r e la t iv e ly  low 
(30%), however, i f  on ly  trichomonads were in o c u la te d ,  and the  
in fec t io n  was ty p ic a l ly  s h o rt- l iv e d  (3-10 days). In th is  same study, 
i t  was reported th a t inflammatory reaction was absent in most infected  
animals, although vaginal discharge containing trichomonads and an 
abundance of polymorphonuclear leukocytes appeared in three ra ts .  
These rats showed thickening of the vaginal epithelium  and leukocyte
66
i n f i l t r a t i o n  in e p i th e l ia l  and subep ithe lia l tissues of the vagina. In 
one r a t ,  moderate erosion of the epithelium was present and host 
t issue was covered with a layer of adhering amoeboid trichomonads. No 
pathological charges were observed in the other in fected ra ts .
(v) Mice
There have been r e la t iv e ly  few reports of attempts to in fe c t  mice 
in tra v a g in a lly  with trichomonads. Cappuccinel1i et  a l .  (1974) were 
ab le  to  e s ta b l is h  a T. v a g i n a l i s  s t r a in  is o la t e d  from a case o f  
symptomatic trichomoniasis in o e s tra d io l- t re a te d  mice of two s tra in s .  
The best resu lts  were obtained with two successive in s t i l l a t io n s  of  
trichomonads. Evidently hormone treatment was needed only to  estab lish  
the  i n f e c t i o n ,  t h e r e a f t e r  p a r a s i te s  s u rv iv ed  in the  absence o f  
exogenous o estrogen . In a q u a r te r  o f  the  a t te m p ts ,  the  authors  
succeeded in transm itt ing  in fec t io n  from one female to another by 
a l lo w in g  a male to  mate f i r s t  w ith  an in fe c te d  then w ith  an 
u n in fe c te d ,  o e s t r a d io l  p r e - t r e a t e d  mouse. In f e c t io n s  were a lso  
established in a low percentage of  untreated mice. I r ra d ia t io n  did not 
render mice more susceptible to in fe c t io n ;  ev iden tly  immunosuppression 
did not a f f e c t  n a tu ra l  re s is ta n c e  o f mice to  in f e c t io n  w ith  T. 
v ag i n a l i s .
Meingassner and Mieth (1976) used an in travag ina l mouse model to  
determine the trichomonacidal a c t iv i t y  of 5-n itrom idazole  derivations  
in mice. He used NMRI mice pretreated once with 40mgkg bodyweight  ^
oestradiolundecylate in 0.2ml sesame o i l  3 days p r io r  to in fe c t io n .  
The oestrogen was administered in two equal doses subcutaneously and 
i n t r a p e r i t o n e a l l y . The p a r a s i t e  inoculum was 0.05ml CACH-medium 
containing approximately 10^ T. vaginal is  and C. a lb icans , added to  
the  co n cen tra ted  f l a g e l l a t e s  in a r a t i o  o f 1 :80 volume/volume  
immediately before in fection  of animals. The vaginal cav ity  was sealed
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with a plug of sponge to avoid loss of the inoculum. The results  
indicated th a t a l l  compounds tested were system ically  active  against 
T. vaginal is  in mice infected in t ra v a g in a l ly .  In te re s t in g ly ,  the 
compounds were less efficaceous against subcutaneously infected mice.
1 .6 .2 .3 .  Physiology and Bacteriology o f the Vagina of Laboratory 
Animals
External morphological changes occur during the oestrus cycle of  
the mouse, but these may be subtle . With many rodents there is very 
l i t t l e  or no discharge during 'h e a t ' .  The degree to  which congestion 
and reddening occur in the vulva is also v a r ia b le .  From a survey of 
355 random cycles (A llen , 1922), 50% of the mice showed well-marked 
e x te rn a l  s ig n s , whereas 24% showed th e  vu lva  and vagina  in an 
a p p a re n t ly  ' r e s t i n g '  c o n d it io n  a lthough o estru s  was shown to  be 
present by the c e l l  contents of the vaginal f l u i d .  A few animals 
evidenced continued external signs of 'heat during metaoestrus and 
dioestrus. Allen (1922) described the c lass ica l phases of the mouse 
oestrus cycle as follows:
Dioestrus -  a period of r e la t iv e  quiescence. In the mouse during the 
dioestrus the in te rna l vulva is very inconspicuous and the o r i f i c e  of 
th e  vagina  is  u s u a l ly  t i g h t l y  c lo s e d . The small amount o f  f l u i d  
present is vise ous and s tr in g y .  The smear (Figure 3) shows e p i th e l ia l  
c e l ls ,  usually  only a few, in various stages of nuclear degeneration  
and cytop lasm ic  s h r in ka g e , and always some polym orphonuclear  
leukocytes.
P rooestrus  -  p e r io d  o f  augmented growth and c o n g e s t io n .  During  
proestrus, i f  exernal signs are marked, the vulva is pink or red and 
swollen, the vagina gapes open, the f lu id  in i t s  lumen is serous and 
the smear shows only nucleated e p i th e l ia l  c e l ls .
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Figure 3: Diagrammatic representation of the c e l ls  present in vaginal 
smears of mice at various stages of the oestrus cyc le .  
o  , round-nucleated c e l ls  a  , square, c o rn i f ie d  c e l ls ;
, polymorphonuclear leukocytes.
(Based on information from A llen , 1922).
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Oestrus -  p er io d  o f sexual e xc ite m en t ,  the  c lim ax o f prooestrus  
conditions. During the oestrus period the vulva may s t i l l  be swollen, 
the o r i f i c e  of the vagina open and a d u l l ,  white colour, the vaginal 
mucosa is almost dry and vaginal smears show only c o rn if ie d ,  non­
nucleated, red eosin-sta in ing  c e l l  remains. In animals where external 
signs are absent or s l ig h t ,  the finding of only c o rn if ied  c e l ls  in the 
smear makes a diagnosis o f 'h ea t '  possible (Figure 3 ) .
Metaoestrus I -  period of return to dioestrus condition. In the f i r s t  
h a lf  o f metaoestrus the vulva has usually lost most of i t s  swelling,  
the  o r i f i c e  o f  the  vagina s t i l l  gapes open and is  w h i t is h ,  
occasionally  showing small granulations, the lumen is s t i l l  dry and 
the smear shows red c o rn if ied  elements of the previous periods, always 
very numerous and now bunched or caked.
Meta oestrus I I  -  evidenced by a normal vulva and t ig h t ly  or p a r t ly  
closed vaginal opening. The vaginal contents change as the period  
progresses from a pasty or viscous to a f lu id  consistency, and the  
smear shows polymorphonuclear leukocytes among the red horny elements. 
A few polymorphs and many co rn if ied  c e lls  is an ear ly  metaoestrus I I  
stage and a heavy leukocytic in f i l t r a t i o n  and decrease in number of 
c o rn if ie d  c e l ls  is  a la te  one. This stage then merges in to  dioestrus  
with a decrease in leukocytes and the appearance in the smear of small 
numbers of nucleated e p i th e l ia l  c e l ls  (Figure 3 ) .
Allen (1922) also gave a description o f the histology o f the  
normal mouse vagina. During dioestrus the epithelium is low (3-7  
la y e rs ) ,  has no c lea r  cut basement membrane and is f re e ly  i n f i l t r a t e d  
by polym orphonuclear leu k o c y te s . At the  end o f th is  i n t e r v a l ,  a 
basement membrane begins to be evident, mitoses became more frequent,  
new layers of c e l ls  are added and leukocytosis ceases. At prooestrus 
the growth process reaches a maximum which thickens the epithelium to  
10-13 layers. A distinct basement membrane is present in most places.
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The outer 3-5 layers begin to degenerate, these two areas become 
c le a r ly  separated by formation of a granular layer . This is converted 
to a co rn if ied  layer which is not s u p erf ic ia l  but underlies 3-5 layers 
o f n u c lea ted  c e l l s .  As prooestrus  merges in to  o e s tru s ,  these  
s u p e r f ic ia l  la y e rs  d isappear u n t i l  the  c o r n i f i e d  la y e r  becomes 
s u p erf ic ia l  at which time oestrus is evident. By th is  time continued 
growth has p iled  up the epithelium to a thickness of 12/13 c e l l  layers  
under the stratum granulosum which f i r s t  formed at about the 8th 
laye r .  As the meta oestrus I period sets in ,  the c o rn if ied  layer  
begins to be delaminated and the lumen of the vagina is f i l l e d  with  
fragments or masses of c o rn if ie d ,  e p i th e l ia l  c e l ls .  Leucocytes f i l t e r  
in from the  stroma and c o l le c t  in the  s u p e r f ic ia l  layes o f  the  
germinal epithelium . A fte r  they have accumulated in considerable  
numbers here, they pass on to the co rn if ied  masses in the lumen, stage 
metaoestrus I I ,  and in a day's time may completely d igest them. Their  
continued action in the su p erf ic ia l  part of the germinal epithelium  
reduces these layers to the appearance- of a reticulum containing large  
clumps o f  leu co c y te s . This process g ra d u a l ly  d e c l in e s  u n t i l  the  
vaginal epithelium returns to a typ ica l dioestrus condition. Growth 
a c t iv i t y  seems p ra c t ic a l ly  at a s ta n d s t i l l  in the ear ly  dioestrus  
stage. Toward the end of th is  in te rva l the growth curve begins to r ise  
u n t i l  i t  a tta in s  i t s  maximum at la te  stage prooestrus, a f te r  which i t  
gradually  f a l l s  during oestrus and metaoestrus I to i t s  minimum in the 
la te  metaoestrus I I  and ear ly  dioestrus stages.
The duration of the cycle and i ts  various stages shows great 
v a r i a b i l i t y .  Of 563 cyc les  s tu d ie d ,  A l le n  (1922) found t h a t  the  
average duration was between 4 and 6 days. The dioestrus in te rva l  
shows greater var ia t io n  than any other stage, las ting  from less than 
one day to 14 days, although i ts  duration is usually from 1-3 days. In
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several cases of an extremely long las ting  dioestrus in te rv a l ,  the 
smears at times show considerable amounts of c o rn if ied  c e l ls ,  but the 
presence of leucocytes makes evident the diagnosis of dioestrus. 
Prooestrus may be less than one day, because leu cocytes  may not 
e n t i r e ly  disappear from the su p erf ic ia l vaginal epithelium. unti 1 a f te r  
growth in the deep layers is well under way. Oestrus usually lasts  1-2 
days but in several cases unbroken oestrus smears have continued fo r  9 
days and 4 days of heat are not uncommon. Metaoestrus I and I I  stages 
usually la s t  a day each and show l i t t l e  v a r ia t io n .
While var ia t io n  of cycle length is great in the same individual  
animal i t  is  s t i l l  greater in d i f fe re n t  s tra in s . Findings indicated  
th a t a genetic fac to r  is accountable fo r  some of the var ia t io n  in 
cycle length among d i f fe re n t  s tra ins  of mice. Although i t  proved 
d i f f i c u l t  to generalize on the var ia t io n  with age of the in d iv id u a l ,  
f i r s t  and second cycles following puberty were usually longer than the 
average during  l a t e r  l i f e .  A l le n  (1922) concluded t h a t  in many 
p a rt icu la rs  oestrus changes in the mouse are s im ila r  to other rodents.
The presence of glycogen in the vagina has been demonstrated in 
many mammals including man, the monkey, the guinea pig and the mouse. 
Several workers have reported cyc lica l changes in the glycogen of the  
vagina which may be correlated with the oestrus or menstrual cycles. 
Balmain e t  a l .  (1956) demonstrated th a t  glycogen is  formed in  
considerable amounts in the vagina of mice a f te r  k e ra t in iz a t io n  has 
commenced, the largest amount of glycogen being present during the  
metaoestrus phase followed by dioestrus, prooestrus and very l i t t l e  
being present during oestrus i t s e l f .  These results  were observed in 
i n t a c t  m ice u n d e rg o in g  normal o e s t r u s  c y c le s  and a ls o  in  
ovariectomized mice a r t i f i c i a l l y  stimulated with oestrogen. Several 
workers speculated on function of the glycogen in e p i th e l ia l  tissues  
and i t  has been suggested that the glycogen is concerned with the
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metabolism of mitosis and also with the synthesis of k era t in .  Gregoire 
and Guiness (1968) investigated cyc lic  and preovulatory changes in the 
glycogen content of the genita l t r a c t  of female hamsters. They found 
th a t the greatest amount of uterine  glycogen occurred on the f i r s t  day 
of the cycle and decreased s ig n if ic a n t ly  during the remaining days. 
The greatest glycogen content occurred in cerv ical t issue and th is  
also was maximal on day one, the day preceding ovulation; a rapid  
decrease followed on subsequent days. Glycogen was re s tr ic te d  to the 
glandular portion of the cerv ix , scattered as cytoplasmic granules. 
The vagina of the hamster consists of two anatomically d i f fe re n t  
sections, the upper tw o-thirds being composed o f convoluted e p i th e l ia l  
tissue  w h ils t  the lower one th ird  consists of s t r a t i f i e d  squamous 
epithelium . The greatest amount of glycogen appears in the upper 
p o r t io n  o f  the  vagina during  the  f i r s t  day o f  the  c y c le ,  and is  
present in quantit ies  s im ila r  to those in cerv ical t issu e . The lower 
vaginal tissue contains less glycogen. In the upper vagina, glycogen 
is  re s t r ic te d  to the convoluted e p i th e l ia l  tissue; in the lower vagina 
some glycogen is present in the intermediate and basal layer of the 
epitheliumn. Ovariectomy resulted in a decrease in glycogen levels  of 
the e n t i re  genita l t r a c t .
Larsen et a l .  (1978) studied the bac te r ia l  f lo r a  of the female 
ra t  gen ita l t r a c t .  The most commonly iso lated organisms were x - and 
non-haemolytic streptococci, Pasteurel la  pneumotropica and diptheroid  
b a c i l l i .  The group of rats studied was r e la t iv e ly  homogenous with  
respect to species comprising the m icroflora  of the urinogenita l  
t r a c t .  More than h a lf  the rats  had 5 or 6 species making up th e i r  
f lo r a  and a l l  rats had at least three species. More iso la tes  were 
obtained from the vagina than the cerv ix . pH values of ra t  vagina 
ranged from 6 .1 2 -7 .62 ,  the mean being 6.95.
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Comparison o f the g e n i ta l  f l o r a  in ra ts  w ith  data  a v a i la b le  
regarding the f lo ra  in the human female genita l t ra c t  shows some 
s im i la r i t ie s .  A comparable frequency in the iso la t io n  of diptheroids  
has been observed in humans. A s im i la r i ty  was also observed in the 
frequency of iso la t io n  of Staphylococcus epidermidis . Larsen et a l .  
(1978) reported 48% frequency of iso la t io n  in rats  and studies of 
humans showed 30-60% occurrence (Hurley et a l . ,  1974). Differences  
between rats  and humans included low frequency of la c to b a c i l l i  in 
ra ts ,  while reported frequency in humans approached 100% (Hurley et  
a l . ,  1974). The presence of la c to b a c i l l i  is  associated with ac id ic  pH 
so the r e la t iv e ly  high pH values observed in the ra ts  studied may be 
r e la te d  to  the  observed low frequency o f  1a c to b a c i11i . The high  
frequency of gram negative rods in ra ts ,  notably Proteus species, is  
of in te re s t .  In the human vagina Proteus species is usually iso la ted  
from less than 10% of vaginal cultures (Hurley et  a l . ,  1974). The 
reasons fo r  th is  d iffe rence  may be a fundamental d if fe ren ce  in the  
microenvironments provided by the two host species. A l te rn a t iv e ly  the  
association of rats with faecal material in t h e i r  cages may contribute  
to the higher percentage of rats carrying Proteus species. Another 
diffe rence  between ra t  vaginal f lo ra  and human vaginal f lo r a  was the  
find ing of Pasteurel la  pneumotropica in 68% of ra ts  studied. This 
organism has not been iso lated from the human vagina.
I t  has been known fo r  many years th a t human vaginal m icro flo ra  is  
a l t e r e d  by the  onset o f  p u b e rty ,  pregnancy and th e  menopause 
(Cruickshank & Sharman, 1934a,b). Larsen et a l .  (1977) went on to  
study the re la tionsh ip  of vaginal cytology to a lte ra t io n s  of the 
vag in a l m ic r o f lo ra  o f r a ts  during the oestrus  c y c le .  The study  
demonstrated that q u a n t i ta t iv e ly  the density of vaginal b acter ia l  
colonization in the female ra t  varies profoundly and c y c l ic a l ly  during 
the oestrus cycle. The changes in bacterial numbers in the animal
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model studied amounted to several orders of magnitude and occurred 
over the time span of one day. The re la tionsh ip  between host c e l ls  and 
the dynamics of the vaginal bacteria l population was examined. I t  
appeared th a t  i f  the vaginal bacteria l population is influenced by 
vaginal c e l lu la r  composition, the c e l ls  most l i k e ly  involved are 
c o rn if ie d ,  squamous e p i th e l ia l  c e l ls ,  enhancing co lon iza tion , and 
leu cocytes  d im in is h in g  c o lo n iz a t io n .  O ther fa c to rs  which may be 
important in the cyc lic  f lu c tu a tio n  of vaginal counts include pH, 
redox p o te n t ia l ,  presence of mucin, vaginal blood supply, and the 
presence and quantity  o f a n t ib a c te r ia l  substances.
1 .6 .2 .4 .  The Role of Hormones in the In fection  of the Vagina by 
Trichomonas vaginal is  
There is much evidence th a t c l in ic a l  recurrence and exacerbation  
of trichomonal v a g in it is  is  often associated with the menses and 
pregnancy (Brown, 1972; T ru sse ll ,  1947). Some e a r l i e r  workers were led 
to be lieve  th a t ovarian hormones were d ire c t ly  responsible fo r  f l a r e -
i
ups, being necessary or at least stim ulating fo r  T. vaginal is  growth. 
On the basis of c l in ic a l  observations some workers (Jirovec & Peter, 
1950) believed th a t in females the e ffec ts  of normal and elevated  
oestrogen levels  might favour T. vaginal is  in fe c t io n s . Many workers, 
however, did not support th is  view. According to Chappaz (1964), a 
moderate oestrogen deficiency favours human trichomoniasis, however, 
complete absence of oestrogen impairs the establishment of trichomonad 
in fe c t io n .  Netter and Lambert (1957) denied any co rre la t io n  between 
endocrine conditions of patients  and frequency, as well as course, of 
T. vaginal is  in fec tions . Unfavourable e ffec ts  of high oestrogen levels  
on T. v a g i n a l i s  were im p lie d  in re p o rts  o f some in v e s t ig a to r s  
including Doring (1957). Moricard-Saulnier (1957) and Durel et a l .  
(1966) who found local treatment with oestrogens to have beneficial
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e ffe c ts  upon infections of T. v a g in a l is . These e ffec ts  were a ttr ib u te d  
to changes in the vagina and were not thought to be due to d ire c t  
action on the paras ites. One of the fn d irec t e ffec ts  mentioned was an 
increase in the glycogen content of the vagina. B acteria l f lo r a  and pH 
are other factors  tha t may be important in the establishment of T. 
vaginal is  in the urogenital t rac ts  of women; however, l i t t l e  is known 
about re la tionships  between hormonal levels  and these fac to rs .
The possible ro le  of s tero id  hormones in experimental in fections  
of laboratory animals has been investigated by several workers. Caviar  
and Mossion (1956a,b) found success in estab lish ing  las tin g  vaginal 
in fections  with T. vagina l is  in spayed rats  in which permanent oestrus 
had been induced by a s e r ie s  o f subcutaneous in o c u la t io n s  o f  
o e s t r a d io l  benzoate; the  oestrogen tre a tm e n t  was thought to  be 
c r u c i a l .  Combescot e t  a l . (1959) repeated  and a m p l i f ie d  these
experiments and by employing massive dosages of oestradio l were able 
to induce permanent oestrus and to establish T. vaginal is  also in non­
spayed ra ts .  Although Cavier and Mossion (1956a) reported th a t high 
dosages of the hormone were detrimental to in fe c t io n s , Combescot and 
co-workers observed no i l l  e f f e c t s  even when massive dosages o f  
oestradiol were administered to ra ts .  Combescot et a l .  (1957) found 
t h a t  oestrus  could be in te r r u p te d  and T. v a g i n a l i s  in f e c t io n  
e f f e c t i v e l y  te rm in a ted  by in je c t in g  ra ts  w ith  p ro g este ro n e ,  
te s to s te ro n e  and d e o x y c o r t ic o s te ro n e .  Larsen et  a l .  (1977)  
in v e s t ig a te d  the  ro le  o f oestrogen in c o n t r o l l in g  the  g e n i ta l  
m icroflo ra  of female ra ts .  They found th a t glycogen is deposited in 
the vaginal epithelium in response to oestrogenic hormones and th is  
glycogen provides a substrate th a t promotes growth of l a c t o b a c i l l i ,  
which in turn produce lac ta te  by degradation of the tissue glycogen. 
The ac id  thus produced is  believed to  r e s t r i c t  vag in a l f l o r a  to
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' a c i d u r i c '  sp ec ies . Some evidence in d ic a te d  th a t  the  e f f e c t s  o f  
oestrogen on vaginal epithelium, however, results  in a c id i f ic a t io n  of 
the vaginal epithelium environment independent of the presence of 
l a c t o b a c i l l i .  The vag ina l t r a c t  o f  ra ts  is  f r e e  o f  a p p re c ia b le  
glycogen and has a pH near n e u tra l i ty  yet bacter ia l counts have been 
shown to vary with stage of the oestrus cycle. The highest b acter ia l  
counts consistently  observed during the oestrus phase of cycle and 
minimal counts occurred during dioestrus. A fte r  ovariectomy, b acter ia l  
counts d im in ished and remained r e l a t i v e l y  s ta b le  a t  low le v e ls ,  
although th e re  were s t i l l  d a i ly  f lu c t u a t io n s .  There was no 
id e n t i f ia b le  pattern formed, in contrast to non-spayed ra ts .  Vaginal 
b a cter ia l  counts in control rats were not as sens it ive  to the e f fe c t  
of oestradiol as were those in ovariectomized ra ts .  Progesterone 
antagonized the oestrogen action in sustaining high bac te r ia l  counts. 
The authors suggested that the secretion of progesterone which follows  
oestrogen secretion accounts fo r  the rapid decline of b ac te r ia l  counts 
a f te r  oestrus. Ovariectomy does not absolutely deprive the ra t  of 
oestrogen since the adrenal gland may synthesize some oestrogen. 
Several e ffec ts  of oestrogen are known that could d ire c t ly  influence  
the vaginal m icro flo ra , including e ffec ts  on vaginal cytology, mucus 
secretion and vascu lar ity . Low in vivo concentrations o f hormones in 
in ta c t  animals and the time lag between stero id  administration and 
e f fe c t  in ovariectomized ra ts ,  suggest tha t the e ffec ts  of hormones on 
b acter ia l  counts is mediated ra ther than d ire c t .  The time lag between 
oestrogen administration and increase in bacter ia l counts corresponds 
with the time required to produce vaginal c o rn i f ic a t io n .  Oestrogen 
secretion in in ta c t  rats s u b stan t ia lly  precedes vaginal c o rn if ic a t io n  
by about one day. Vaginal c o r n i f i c a t io n  is  asso c ia ted  w ith  peak 
vaginal bacter ia l counts.
Kornblut (in Honigberg, 1978) used the subcutaneous mouse assay
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to  t e s t  the  e f f e c t s  o f  o e s t ra d io l  benzoate and progesterone on 
development of subcutaneous abscesses in animals inoculated with a 
r e la t iv e ly  pathogenic s tra in  of T. v a g in a l is . Mean volumes of 6 day 
subcutaneous lesions in mice treated  with 0.2ug dosages of oestradiol  
benzoate were s ig n if ic a n t ly  smaller than in control mice. When more 
o e s t r a d io l  was g iv e n ,  even s m a lle r  abscesses were noted . With  
progesterone, only the l ig h te s t  dose, 7.5mg, was enough to reduce the 
size o f abscesses. The author concluded th a t incidence and periods of 
exacerbation of urogenital trichomoniasis in many women may depend 
upon a balance of the ovarian hormones th a t a f fe c t  the conditions  
p reva il in g  in the lower urogenital passages rendering them su itab le  
fo r  supporting the paras ites.
That the d irec t  e f fe c t  of s tero id  hormones upon T. vaginal is  is  
ty p ic a l ly  in jurious to the paras ite  is evident from in v i t r o  studies 
of Glebski (1969). Oestradiol benzoate was found to in h ib i t  the growth 
o f  tr ichom onads, the  e f f e c t s  being d i r e c t l y  p ro p o r t io n a l  to  the  
concentration of the hormone. In h ib it io n  was manifested in reduction 
of the number of f la g e l la te s  shortened l i fe -sp an  of the populations, 
increase in generation time and decrease in c e l l  s ize .  D if fe re n t  
e ffe c ts  were noted with progesterone, which in h ib ited  d iv is io n ,  but 
caused s ize  increase of individual c e l ls .  Nicol et a l .  (1966) showed 
tha t oestrogen is a stimulant of the re t icu lo -en d o th e l ia l  systems 
(RES) and body defence. RES a c t iv i ty  varies at d i f fe re n t  stages o f the 
oestrus cycle and of pregnancy in both the ra t  and the mouse. The 
stages where a c t iv i ty  is greatest correspond with those in the human 
subject when the output of oestrogen is increased. Therefore, although 
oestrogen may cause changes in the host which are necessary fo r  the 
establishment of a trichomonad in fe c t io n , th is  hormone may also aid 
the body's defences against the infection. The controversial role of
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oestrogen in the nature of the trichomonad host-parasite  re la tionsh ip  
has recently  been summarized by Sugarman and Mummaw (1988).
In summary, many experim enta l in t r a v a g in a l  in fe c t io n s  o f T. 
vaginal is  have been attempted including some in humans. Although 
experimental in fections in humans were obtained the ra te  was less than 
100%. Labora to ry  animals have a lso  been te s te d  f o r  in t r a v a g in a l  
in f e c t i v i t y  fo r  trichomonads. Reasonable success was achieved with
j
several, including monkeys, guinea pigs, rats  and mice. Hamsters were 
unsuitable due to the presence of a natural in te s t in a l  trichomonad 
which 'ove rg rew ' in  the  vagina p re ve n tin g  e s tab lis h m e n t o f  T.
i
vaginal is  in fec t io n s . In mice, the development of the intravagina l  
model has advanced in some cases to enable a drug te s tin g  system.
The physiology and bacteriology of the vaginas of laboratory  
animals have been described. The oestrus cycle of various animals, the  
histology and bacteriology of the normal rodent vagina and the e ffec ts  
of hormones on trichomonal in fections have a l l  been investigated , and 
much information is now a va ilab le  on the microenvironment of the  
rodent vagina.
1 .7 .  THE AIMS OF THE PROJECT
The overa ll aim of th is  pro ject was to investiga te  the mechanisms 
by which Trichomonas vaginal is  proves pathogenic towards i t s  host by 
comparing fresh iso la tes  of the paras ite . In th is  way i t  was hoped to  
f in d  mechanisms essential to the parasite  which could be su itab le  fo f
i
chemotherapeutic a ttack. Aims encompassed by the pro ject where to  
develop a useable intravaginal model to aid subsequent research in to  
the mechanisms of th is  disease and i ts  cure, and to inves tiga te  the 
use of various models of the in fection  fo r  tes ting  ex is t in g  and novel 
antitrichomonal compounds.
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MATERIALS AND METHODS
2 .1 .  PARASITES
2 .1 .1 .  Parasites and th e i r  C u lt ivation
Some o f  the trichomonad l in e s  used in t h is  p r o je c t  were 
laboratory s tra ins which had been cultured axen ically  in v i t r o  fo r  
many years. These included Pentatrichomonas hominis (A.T.C. 30098), 
the non-pathogenic trichomonad that inhabits the in te s t in a l  t r a c t  of 
man, and was obtained from Dr A. Yule (London School of Hygiene and 
T ro p ic a l  M e d ic in e );  Tr ichomitus  batrachorum , the  non-pathogenic  
trichomonad is o la te d  (Coombs, 1976) from the  leopard  f r o g ,  Rana
pipiens; Tritrichomonas foetus  (P f iz e r  s t ra in ,  clone F 2 ) . I cloned 
th is  l in e  from the parent s tra in  which was o r ig in a l ly  obtained from Dr 
D. Linstead of the Wellcome Research Laboratories, Beckenham, Kent, 
and Trichomonas vaginal is  G3, a clone iso lated in our laboratory from 
a l in e  o r i g i n a l l y  obta ined in 1973 from the  Wellcome Research  
Laboratories. Other lines of T. vaginal is  used had also been grown in 
axenic cultures fo r  extensive periods. These were T. vaginal is  Boston, 
T. v a g i n a l i s  A lbany, T. v a g i n a l i s  IR78 (o b ta in e d  from Dr J .G .  
M eingassner, Sandoz Research I n s t i t u e ,  A u s t r i a ) .  A l l  o th e r  T. 
vaginal is  l ines used were fresh ly  iso lated from patien ts  at Glasgow 
Royal In firm ary genito -urinary  c l in ic  or from other c l in ic s  around 
B r i t a i n ;  a l l  were is o la te d  from female p a t ie n ts  except f o r  T. 
vaginal is  6950 male (obtained from Dr V.C. L a tte r ,  Wellcome Research 
Laboratories, Beckenham, Kent, U .K .) .
A l l  T. v a g i n a l i s  i s o la te s  were c u l tu re d  r o u t in e ly  in  25ml
universals of modified Diamond's medium (Diamond, 1957): 1 l i t r e  -  20g
BBL try p tic as e , lOg yeast ex trac t (D ifco ) ,  5g Maltose, lg ascorbic 
acid, lg potassium ch loride , lg potassium hydrogen carbonate, lg 
potassium dihydrogen phosphate, 0.5g di-potassium hydrogen phosphate, 
O.lg iron sulphate, 1000ml d is t i l l e d  water, adjust pH to 6 .3 -6 .4  using 
IM HC1, autoclave at 17 p.s.i. for 15 minutes. The medium was
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supplemented with 10% heat-inactiva ted  horse serum with the addition  
of lmg benzyl p e n ic i l l in  ml- * and lmg streptomycin sulphate ml- * .  This 
medium w i l l  be referred to as MDM. Cultures were rou tine ly  incubated 
at 37°C with a i r  as the gas phase. The cultures were sub-passaged 
d a i ly  or tw o-daily  depending upon th e i r  density. Density was measured 
by counting trichomonad c e lls  using a haemocytometer.
T. foetus  was cultured in the same way as T. vaginal is  iso la tes .
Pentatrichomonas hominis was cultured in the same way except fo r  
the  a d d i t io n  o f lOmg ml- * g a lac to s e  to  the  medium and 10% h e a t -  
inactiva ted  foe ta l c a l f  serum instead of horse serum. Trichomitus 
batrachorum in MDM with 10% horse serum, was incubated at 25°C.
Cultures were checked d a i ly  by microscopical examination fo r  
bacter ia l  and yeast contamination.
Conditions of c u lt iv a t io n  d i f fe r in g  from these general conditions  
were used as stated. Anaerobic incubation of trichomonad cultures was 
achieved through the use of an anaerobic incubator (Whiteley Anaerobic 
Cabinet Mark I I ) .
2 .1 .2 .  Cloning
Cloning of a l l  iso lates was carried out by micromanipulation. A 
trichomonad cu lture  was adjusted to an appropriate low density and a 
small drop o f t h is  placed on a s t e r i l e  cover s l i p  on a s t e r i l e  
microscope s l id e .  The drop was then examined, using a laminar flow  
hood to  avoid c o n ta m in a t io n , a t x200 m a g n if ic a t io n  using phase 
contrast microscopy to ensure th a t only one trichomonad was present in 
the drop. I f  no trichomonad was present, another drop was placed on 
the cover s l ip  and examined; i f  more than one trichomonad was observed 
the cover s l ip  was discarded. When a drop of cu lture  was found to  
contain only one c e l l ,  the coverslip was removed from the s lid e  with  
s t e r i l e  forceps and placed in to  a universal containing 10ml MDM (made
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anaerobic in an anaerobic incubator) at 37°C. The cu lture  was then 
incubated anaerobically at 37°C and checked p e r io d ic a lly  fo r  up to 10 
days fo r  growth of the cloned c e l l .
2 .1 .3 .  Cryopreservation
Trichomonads were stored as 's ta b i la te s '  in l iq u id  nitrogen fo r  
long periods. A high density trichomonad cu lture  was taken and added 
to  the  same volume o f  MDM supplemented to  10% ( v /v )  w ith  the  
cyropreservant, dimethylsulphoxide (QMSO), which had been s te r i l i z e d  
by autoclaving. The mixture was then dispensed in 1ml aliquots  into  
s ta b i l ia te  tubes and these were wrapped in cotton wool, placed in a 
polystyrene box and floa ted  overnight on l iq u id  nitrogen. The next day 
the tubes were removed from the box and immersed in l iq u id  nitrogen.  
To recover the cu ltures , the tubes were removed from l iq u id  nitrogen,  
thawed in a 37°C waterbath, and 1ml of the s ta b i la te  added to 15ml of 
fresh MDM.
2 .1 .4 .  Harvesting Parasites fo r  Enzyme Analysis
Trichomonads were grown in cultures of 25ml MDM in universals  
u n t i l  a density of approximately 5x10^ ml- * was reached. These were 
then centrifuged using an MSE Chi 1 spin bench centr ifuge  at 3000rpm fo r  
10 minutes, and washed using 25ml sucrose (0.25M). This procedure was 
repeated and the trichomonads were f in a l ly  pe lle ted  in 1.5ml p la s t ic  
capped tubes and stored at -70°C u n t i l  used.
2 .2 .  COLLECTION OF FRESH ISOLATES
With the help of Dr I .B .  T a it  of the Department of Genitourinary  
Medicine, Royal In firm ary , Glasgow, i t  was arranged th a t any pa tien t  
appearing to have a trichomonad in fection  would have a vaginal swab 
taken fo r  the c l in ic 's  diagnostic purposes and at the same time a 
second swab would be taken and placed in culture medium for our
83
1aboratory.
The c l in ic  was i n i t i a l l y  supplied with universals containing 10ml 
MDM with 20 units Fungizone ml” -*-, and also with tubes containing  
e ith e r  the following other media: GTM (Diamond, 1957); TYM (Diamond, 
1957), or Johnson's CPLM (Johnson et a l . ,  1945), each supplemented 
with the same serum and antibodies as MDM and also with Fungizone. 
A fte r  in t i a l  co llec tio n s , however, i t  was found th a t no one p a r t ic u la r  
medium showed any greater a b i l i t y  to support trichomonad growth than 
any other i . e .  i f  trichomonads were present in MDM then they were also  
present in the other medium supplied, and vice versa. Therefore, a f te r  
the  i n i t i a l  few weeks the c l i n i c  was s u p p lied  w ith  u n iv e rs a ls  
containing MDM.
On receiving the iso la tes ,  cultures were immediately sub-passaged 
into MDM, both the o r ig ina l cu lture  and subculture were checked d a i ly ,  
m ic ro s c o p ic a l ly ,  d a i ly  f o r  trichomonads and to  ensure they  were 
axenic. I f  cultures had not become axenic a f te r  two subpassages they 
were discarded.
Axenic cultures obtained were cloned, s tab ila ted  and in jected  
subcutaneously and in tra va g in a lly  into mice.
2 .3 .  STUDIES ON THE INTERACTION OF TRICHOMONADS WITH MAMMALIAN CELLS
2 .3 .1 .  Mammalian Cell Lines and th e i r  C u lt iva t io n
a) Murine macrophage-like c e l l  l in e  P388D (Flow Laboratories), which 
were grown in HOMEM medium (Berens, Brun & K rasser, 1 97 6 ) ,  
supplemented with 10% (v /v ) heat-inactiva ted  foe ta l c a l f  serum 
with lmg benzyl p e n ic i l l in  ml” -*-, lmg streptomycin sulphate ml  ^
and 20 units Fungizone ml” *.
b) Mouse myeloma ce ll  l in e  P3-X63-Ag8-653 (Flow Laboratories), which 
were a lso  grown in HOMEM medium supplemented w ith  serum and 
antibiotics as above.
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c) Primary chick embryo c e l ls  (Gibco), which were grown in HBME 
(Gibco) with 10% foeta l c a l f  serum arid a n t ib io t ic s  as above.
d) Chinese hamster ovary c e l ls  CH0K1 (Flow Laboratories), which 
were grown in Ham's F12 (Flow Laboratories) with foe ta l c a l f  
serum (10%, heat in a c t iv a te d ) .
e) He!a c e l l  l in e  (Flow Laboratories), which were grown in EMEM 
(Flow Laboratories), supplemented as above.
A ll  c e l ls  were incubated rou tine ly  in 500ml t issue cu lture  flasks  
at 37°C in an atmosphere of 5% C02 , 95% a i r .  The c e l ls  grew attached 
to the f la s k s 's  surface. A ll c e l ls  could be detached by mechanical 
shaking except Hela and CHO c e l ls  which were removed by t ry p s in iz in g .  
Cultures were sub-passaged weekly.
To preserve mammalian c e l ls  in l iq u id  n itrogen, a high density  
cu ltu re  was taken and mixed with the same volume of foe ta l c a l f  serum 
(hea t- in ac t iva ted ) containing 10% s t e r i l e  DMS0. 1ml aliquots of th is  
mixture were dispensed into s ta b i la te  tubes (Flow Laboratories) and 
f lo a t e d  o v ern ig h t on l iq u id  n it ro g e n  as were the  trichomonad  
s ta b ila te s  (see Section 2 .1 .3 )  before being stored in the l iq u id  
nitrogen.
2 .3 .2 .  Trichomonad In teractions  with Mammalian Cell Lines
2 .3 .2 .1 .  In teraction  of Living Trichomonads with Mammalian Cells  
Mammalian ce ll  cultures were grown in flasks to a density of 
approximately 106 ml-1 in 5% C02 , 95% a i r  at 37°C in the appropriate  
medium. Mammalian c e lls  were then detached from the surface of the 
f lask  by shaking (macrophage and myeloma .c e l ls )  or try p s in iza t io n  
(chick embryo, Chinese hamster ovary and Hela c e l ls ) .  The mammalian 
c e l ls  were then resuspended to a density of approximately 10^ ml  ^ and 
dispensed into e ith e r  Leighton tubes (2ml) or tissue cu lture  wells  
(0.5ml) and incubated overnight.
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Trichomonads were grown to a density of between 10^ ml- * and
5x10^ ml * then resuspended in MDM to appropriate densit ies  to give  
varying ra t io s  of trichomonads to mammalian c e lls  and added to the 
mammalian c e l l  cultures (0.8ml to Leighton tubes and 0.2ml to tissue  
.cu lture  wel1s ) .
For each experiment, controls were set up containing the same
volume of mammalian c e l l  cu lture  medium as in the experiment but with 
no mammalian c e l ls ,  to which the same volume of trichomonad suspension 
was added. Other controls contained mammalian c e l ls  to which the 
appropriate volume of MDM without trichomonads was added.
I f  an in h ib i to r  or drug was to be tested then th is  was added 
immediately p r io r  to addition of the trichomonads. Mixed cultures were
then incubated in 5% CO2 , 95% a i r  at 37°C fo r  up to one week.
Experiments performed in Leighton tubes were monitored twice  
d a i ly  by gently p ipe tting  o f f  the medium and counting the number of 
t r ic h o m o n a d s  p r e s e n t  in  t h i s  u s in g  an im proved  N eubauer  
haemocytometer. The medium was then replaced by fresh mammalian ce ll  
cu lture  medium, the tubes sealed and the c e l ls  detached from the 
surface by mechanical shaking. The number of attached mammalian c e l ls  
which were present was then counted also using a haemocytometer.
Experiments performed in tissue cu lture  wells were monitored by 
observing the monolayer twice d a i ly  using a Le itz  inverted microscope. 
The times in hours fo r  each of the ce ll  types to completely disappear 
were recorded. For convenience of presentation of the re s u lts ,  the 
time in hours fo r  a l l  trichomonads in monoculture to disappear was 
labelled  'A ';  the time in hours fo r  a l l  mammalian c e l ls  in mixed 
culture  to disappear was labelled  ' B7; the ti/ne in hours fo r  a l l  
trichomonads in mixed cu lture  to disappear was lab elled  'C ';  and the 
time fo r  a l l  mammalian c e l ls  in monoculture to disappear was labe lled  
' D \
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2 .3 .2 .2 .  In te rac tion  of Trichomonad Spent Medium with Mammalian
Cells
Trichomonads were grown in monoculture in the same mammalian ce l l  
medium/MDM mixture normally used fo r  interactions of trichomonads and 
mammalian c e l ls .  S u ff ic ie n t  trichomonads were added i n i t i a l l y  so that  
they survived and m u lt ip l ied  and when a density of approximately 5x10^ 
ml * was reached the cu lture  was centrifuged using an MSE Chi 1 spin 
bench centrifuge at 3000 rpm fo r  10 minutes. The supernatant was 
removed and checked using phase contrast microscopy to ensure tha t no 
motile  trichomonads were present. Aliquots of 0 .5 ,  0 .4 ,  0 .3 ,  02 and 
0.1ml of the supernatant were added to wells containing 0.5ml medium 
covering a mammalian c e l l  monolayer and the e ffec ts  on the mammalian 
c e l ls  monitored twice d a i ly  using a Le itz  inverted microscope.
This method was also used with media in which trichomonads and 
mammalian c e l ls  had in teracted  fo r  various times, again the c e l ls  were 
a l l  removed before the medium was used.
2 .3 .2 .3 .  Cell-Detaching Factor
P o lye th y len e  g lyco l co ncentra tes  from c u l tu r e  f i l t r a t e s ,  
c o n ta in in g  the  ' c e l l  detach ing  f a c t o r '  were made and te s te d  fo r  
e ffec ts  on mammalian c e l ls  as described above fo r  trichomonad spent 
medium. The method used was that of Pindak et a l .  (1986) and involved 
Hela c e l ls  being grown to monolayers in flasks containing 10ml EMEM 
with the usual supplements. 4ml trichomonad cu lture  at a density of 
approximately 10^ ml- * was added to th is .  Control cultures received 
4ml MDM o n ly .  These c u l tu re s  were incubated f o r  3 days a t  37°C,  
cu lture  f lu id s  were then pooled, c la r i f ie d  by .centr ifugation  (3000 
rpm) a t  room tem p era tu re ,  ad justed  to pH 7 .3  w ith  0.1N NaOH and 
f i l t e r e d  through a 0.45um membrane. Polythylene glycol (PEG) 8000 
(Sigma) was added to a concentrat ion of lOg to 100ml of cu l tu re  f l u i d
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and the mixture was then l e f t  overnight at 4°C. The suspension was 
subsequently centrifuged fo r  45 minutes at 2,800g and the supernatant 
discarded. The sediment was suspended in EMEM to 0.1 of the o r ig ina l  
volume. The resu lt ing  c lear  f lu id  was f i l t e r  s te r i l i z e d  and assayed 
fo r  a c t iv i ty  on mammalian c e l ls  as described above fo r  concentrated 
in te rac tion  medium.
2 .3 .2 .4 .  Physical Separation of Cell Types
For experiments involving the physical separation of the two c e ll  
types, mammalian c e l ls  were cultured and dispensed in to  tissue cu ltu re  
wells in the normal way. P rio r to addition of the trichomonad c u ltu re ,  
however, a Mi 11ipore chamber was placed in each w e l l .  This consisted 
of a cy linder (12mm in d iameter), closed at the bottom with a membrane 
of 0.45;um pore s iz e ,  supported by th re e  small legs ( M i l l i p o r e :  
M i l l i c e l l - H A  i n s e r t s ) .  0.2ml of the trichomonad c u l tu r e  a t  the  
appropriate density was then placed within the cy linder. Control wells  
contained no m il l ip o re  w e l l .  The c e lls  were monitored twice d a i ly  by 
observing the  c e l l  monolayer around the c y l in d e r  using a L e i tz  
inverted microscope and by removing very small amounts of medium from 
with in  the cy linder and counting the number of trichomonads present 
using a haemocytometer s l id e .  F in a l ly ,  at the end of the experiment, 
the cy linder was removed and the whole monolayer observed using a 
Leitz  inverted microscope.
2 .4 .  STUDIES ON THE EFFECTS OF OF TRICHOMONADS IN VIVO IN ANIMAL
MODELS
2 .4 .1 .  The Subcutaneous Mouse Assay
The subcutaneous mouse assay was performed using a modification  
of the method by Honigberg et a l .  (1966).
The general method used was as follows: Balb/c mice were shaved
on the  r ig h t  f la n k  and in o c u la te d  subcutaneously w ith  0 . 2m 1 
trichomonad suspension containing 5x10^ c e lls  ml- ^. The c e l ls  were 
suspended in MDM (with horse serum but no a n t ib io t ic s )  supplemented 
with 0.16% (w/v) bactoagar (D ifco ) .  Lesions were measured d a i ly ,  using 
a micrometer to determine length, height and width. Lesion volumes 
were calculated using the calculations described by Honigberg et a l .  
(1966). They found th a t the volume of the protruding portion of the  
lesion represented one h a l f  of a spheroid. Thus the formula,
4/3 y \ ] / 2  x w/2 x h 
2
where 1 = length, w = width andh = height, or 0.5236 x 1 x w x h could 
be employed.
The presence and number of l iv e  trichomonads in abscesses was 
also determined. Trichomonads were inoculated subcutaneously in to  a 
number of Balb/c mice. When the abscesses had reached certa in  volumes 
(see Figure 10) the mice were s a c r i f ic e d ,  abscesses removed and the 
i n t e r i o r  scraped in to  5ml warm MDM. The presence o f  m o t i le  
trichomonads was noted using phase contrast l ig h t  microscope and the 
number determined using a haemocytometer s l id e .
The e ffec ts  of various drugs and in h ib ito rs  on the growth of 
subcutaneous lesions were tested. In h ib ito rs  were administered through 
several routes ( in t ra p e r i to n e a l , subcutaneous, intravenous and o ra l)  
and at d i f fe re n t  times p r io r  to and during in fections (as d e ta iled  in 
the  in d iv id u a l  e x p e r im e n ts ) .  The subsequent le s io n  growth was 
monitored in the usual way.
2 .4 .2 .  The Intravaginal Mouse Assay
2 .4 .2 .1 .  Oestradiol Treatment
Oestradiol-17J3-cypionate (Sigma), a long-lasting  oestrogen was 
rou tine ly  administered subcutaneously in the flank, in corn o i l ,  at
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40mg (kg body weight) * two days p r io r  to in fection  as suggested by 
Meingassner and Mieth (1976). To determine the stage of the oestrous 
cycle of a mouse, a vaginal smear was taken. This was carried out 
using a dental instrument with a curved-shaped head which was dipped 
in s a l in e ,  placed inside the mouse vagina and gently scraped along the 
vaginal w a l l .  Cells on the instrument were then transferred  to a drop 
of sa line  on a microscope s l id e .  The s lid e  was a i r - d r ie d ,  fixed  in 
methanol and stained using Giemsa's s ta in .  The stages of the oestrus 
cycle could then be recognized by observing, using l ig h t  microscopy, 
the colour and form of the e p i th e l ia l  c e l ls  present (see Figure 3, 
In tro d u c t io n ) .
2 .4 .2 .2 .  Spaying Mice
Female B a lb /c  mice aged ap p ro x im ate ly  2 months old were 
anaesthetized using 0.2mg (kg body weight)- * valium followed by 0.18ml 
sagatal (20% solution in s a l in e ) ,  both in jected  in t ra p e r i to n e a l ly .  
Both ovaries were then removed through small incisions in the back of  
the mouse. The fa l lo p ia n  tubes were t ie d  and the muscle layer  and skin 
sewn up separately and swabbed with an a n t ib io t ic  spray. The mice were 
allowed to recover fo r  at least one month before being inoculated with  
paras ites .
2 .4 .2 .3 .  Inoculation of Parasites
Trichomonad cultures were grown to a density of approximately  
5x10^ ml- * ,  and the parasites were harvested and resuspended to a 
density of 5x10^ ml- * in MDM containing 0.32% (w/v) bactoagar (D ifco ) .  
0.02ml of th is  suspension was inoculated into  the regions of Balb/c  
mice using a round-ended needle; the inoculation was normally two days 
a f t e r  the  a d m in is t ra t io n  o f o e s t ra d io l -1 7 ,B -c y p io n a te .  In e a r ly  
investigations the mice vaginas were immediately plugged with the 
dental sponge, Sterispon (Allen & Hanbury's), however, this was later
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abandoned as studies by Miss Dianne Markham in our laboratory proved 
the vaginal plugs to be unnecessary.
2 .4 .2 .4 .  Detecting Infections in Mice
To look f o r  the  presence o f trichomonads in the  vagina o f a 
mouse, the vagina was washed out with 0.02ml MDM using a round-ended 
needle and syringe. The wash-out was then placed in 1ml MDM in a 
t is s u e  c u l tu r e  w e l l .  P la tes  were incubated a n a e r o b ic a l ly  ( in  an 
anaerobic incubator) at 37°C fo r  at least one week and checked d a ily  
f o r  th e  presence o f m o t i le  trichomonads using a L e i t z  in v e r te d
m icroscope. Mice incubated w ith  p a ra s ite s  were m onitored f o r  an
in fec t io n  p e r io d ic a l ly  u n t i l  the in fection  disappeared.
2 .4 .2 .5 .  In v i t ro  C u lt iva t io n  of Iso lates
A number of iso la tes  which were found to have a high in f e c t iv i t y
ra te  in tra v a g in a lly  were s e r ia l ly  subpassaged ro u tin e ly  in mice. Mice 
infected with the iso la te  to be passaged were washed out in the usual 
way. Wells containing wash-out medium were monitored u n t i l  a well was 
seen to contain approximately 5x10^ trichomonads ml- * .  The cu lture  was 
then removed from the well and placed in a universal containing 20ml 
MDM. This was then incubated u n ti l  a density of approximately 5x10^ 
trichomonads ml- * was reached. The culture  was then centrifuged (3000 
rpm) and resuspended to a density of 5x10^ ml- * in MDM containing  
0.32% (w/v) bactogar. 0.02ml of the suspension was inoculated in to  the  
vaginas of six  more mice pretreated with oestradiol two days e a r l i e r .  
Two weeks l a t e r  these mice were washed out and the  process was 
repeated.
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2 .5 .  STUDY ON THE EFFECTS OF INHIBITORS
2 .5 .1 .  In v i t ro  Tests
2 .5 .1 .1 .  Trichomonads in Axenic Culture
The s e n s i t iv i ty  to in h ib ito rs  of trichomonads in axenic cu lture  
was determined using two methods. F i r s t ly ,  fo r  metronidazole, s t e r i l e  
96-well m ic ro t it re  plates (Gibco) were used. Trichomonads to be tested  
were ad ju s ted  to  a d e n s ity  o f  5x10^ ml- * in  MDM. 0.05ml o f  
metronidazole solution s te r i l i z e d  by f i l t r a t i o n  was placed in each 
well of the m ic ro t it re  p la te  and 0.2ml trichomonad cu ltu re  was added. 
A d i lu t io n  series of metronidazole concentrations was used, giving  
working concentrations of 100, 50, 25, 10, 5, 2, and ljug ml- * .  A 
c o n tro l  w e l l  was in c lu d e d , to  t h is  was added 0.05ml d i s t i l l e d ,  
deionized water. Each te s t  was carried  out in dup lica te . Plates were 
normally prepared in iden tica l p a irs , one being incubated aerob ica lly  
in a dampened box, and the  o th e r  a n a e r o b ic a l ly  in an anaerobic  
incubator at 37°C fo r  24 hours. Wells were then examined fo r  the 
presence of motile trichomonads using a Le itz  inverted microscope and 
where appropriate double-checked using a standard l ig h t  microscope. 
The minimum le tha l concentration (MLC) of each drug was taken to be 
the  lowest c o n ce n tra t io n  o f  m e tro n id azo le  o f which no m o t i le  
trichomonads were observed a f te r  24 hours.
For o th e r  i n h i b i t o r s ,  however, I was less  in te r e s te d  in  
determining the minimum le tha l concentration than knowing the e ffec ts  
on the growth ra te  of the trichomonads incubated with the compounds at  
less than le tha l concentrations. To determine th is  trichomonads were 
placed in universals containing 10ml MDM supplemented so th a t an 
i n i t i a l  density of 10^ trichomonads ml * was. obtained. A s t e r i l e  
so lution , in water, of the re levant in h ib i to r  was made and added to  
the  c u l tu r e  at the a p p ro p r ia te  c o n c e n tra t io n .  The c u l tu re s  were 
incubated at 37°C and growth of the trichomonads was monitored by
92
counting the ce ll  density twice d a ily  using a haemocytometer s l id e .
2 .5 .1 .2 .  In Mammalian Cell Culture
Mammalian c e l l s  were grown in f l a s k s ,  0.5ml a l iq u o ts  were 
d is tr ib u ted  to tissue cu lture  wells and incubated overnight in the 
usual way. A s t e r i l e  s o lu t io n  o f the  i n h i b i t o r  to  be te s te d  was 
prepared and 0.05ml added to each well containing mammalian c e l ls ;  
0.05ml d i s t i l l e d ,  deionized water was added to the control w e lls . The 
in h ib i to r  solution was also added to wells containing 0.5ml tissue  
cu lture  medium but no c e l ls .  0.2ml trichomonad suspension at the
density in MDM was then added to a l l  wells except the mammalian c e ll
cu lture  contro l,  and the plates incubated in 5% C02» 95% a i r  at 37°C
f o r  a pprox im ate ly  one week. The e f f e c t  o f  trichomonads on the
mammalian c e l l  monolayer was monitored twice d a i ly  using a Le itz  
inverted microscope and the time in hours fo r  each of the c e l l  types 
to disappear in the presence and absence of in h ib ito rs  at d i f fe re n t  
trichomonad to mammalian c e l l  ra tios  was noted.
2 .5 .2 .  Studies on the Effects of In h ib ito rs  using the Subcutaneous 
Mouse Model
Balb/c mice, aged approximately 2-3 months were c losely  shaved on 
the r ig h t  f lank and in jected with 0.2mls of trichomonad suspension of 
5x10^ m l ' 1 in MDM w ith  0.16% agar in the  usual way. In h ib i t o r s  
dissolved in d is t i l l e d ,  deionized water to the concentration required  
were adm in is tered  e i t h e r  subcutaneously, i n t r a p e r i t o n e a l l y , 
intravenously or o ra l ly .  In h ib ito rs  were tested by giving various 
concentrations and also by administering at various times before and 
a f te r  inoculation of parasites; m ultip le  doses were also investigated .  
Lesion growth was measured d a i l y ,  th a t  in t r e a te d  animals being  
compared to growth of lesions of control mice.
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Another approach involved incubating trichomonads in MDM with the 
in h ib i to r  added fo r  24 hours p r io r  to inoculating them subcutaneously 
in to  mice. In some cases the in h ib i to r  was also included in the medium 
in which trichomonads were in jec ted .
2 .5 .3 .  Studies on the Effects of In h ib ito rs  using the Intravaginal  
Mouse Model
Balb/c female mice were infected in tra v a g in a lly  in the usual way. 
I n h i b i t o r s ,  d isso lved  in d i s t i l l e d ,  d e io n ized  w ater  to  the
concentration required, were administered, at various times p r io r  to
and a f te r  paras ite  inoculation by various routes: subcutaneously, 
i n t r a p e r i t o n e a l l y , in t ra v e n o u s ly  and o r a l l y .  Again , a l t e r n a t i v e  
experim ents invo lved  in c u b a t in g  trichomonads in  the  a p p ro p r ia te  
concentration of the in h ib i to r  to be tested fo r  24 hours p r io r  to
inocu la tion . The in h ib i to r  was also included in the medium in which
the  trichomonads were in je c te d  in  some cases. In fe c t io n s  were 
m onitored by p e r io d ic a l l y  washing out the  vaginas o f mice and 
examining cultures d a i ly  in the usual way.
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3 .0 .  RESULTS
3 .1 .  DEVELOPMENT OF EXPERIMENTAL MODELS
3 .1 .1 .  The In teraction  of Trichomonads with Mammalian Cells in v i t ro  
The e ffec ts  of T. vaginal is  G3 on a number of d i f fe re n t  mammalian 
c e ll  lines were investigated. I n i t i a l l y  mouse myeloma ce ll  l in e  P3- 
X63-Ag8-653 was used and the in te rac tion  between i t  and T. v a g in a l is , 
in Leighton tubes, a t a r a t i o  o f  20:1 is shown in F igure  4. 
Trichomonads in HOMEM medium by themselves survived fo r  no more than 2 
days, reached a maximum density of only about 2x10^ ml- * ,  and had a l l  
died by 44 hours, the time point labelled  ' A' .  When myeloma c e lls  were 
incubated in mixed cu lture  with trichomonads, they declined in number 
r e la t iv e ly  rap id ly  u n ti l  a l l  had lysed by the time point labelled  ' B' ,  
in th is  case approximately 68 hours. Trichomonads in the mixed cu lture  
increased g reat ly  in number such that a density of over 10^ ml- * was 
reached. They died only a f te r  reaching th is  high maximum density by 
the time point labelled ' C' .  This process is termed 'overgrowing'. In 
th is  experiment, the myeloma c e l ls  in monoculture were maintained at a 
s im ila r  density throughout, thus the time point ' D' ,  tha t by which a l l  
mammalian c e lls  in monoculture were lysed, was assigned a value of 0 0 .  
Thus the results  can be tabulated as shown in Table 1.
A s im ila r  in teraction  was observed between T. vaginal is  G3 and 
Hela c e l ls  (Figure 5 ) .  This experiment, however, was carried  out using 
the wells of a tissue cu lture  p la te  ra ther than Leighton tubes and the 
ra t io  of mammalian cellsrtrichomonads was 1:25. Nevertheless, time 
points A and C were very s im ila r  in th is  case to those detained fo r  
the trichomonad/myeloma in te rac tion  (Figure 4 ) .  Hela c e l ls  in mixed 
cu ltu re ,  however, declined in number ra ther more rap id ly  than the  
myeloma c e lls  under s im ila r  conditions.
I t  was found that the conditions employed in the in teraction  
experiments large ly  determined th e i r  outcome. I f  a large number of 
trichomonads were used they grew to a high maximum density before
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Figure 4. The in te ra c t io n  o f Trichomonads with Mammalian C e lls  in 
v i t r o
:The f ig u re  shows the mean (+ S .D .)  o f  6 experiments. Myeloma 
c e l l  l in e  P3-X63-Ag8-653 were used at a r a t io  o f 20:1 with  
T. vagina l is  G3 c e l ls .  Key to  c e l l  types: • ,  trichomonads;
0, mammalian c e l l s ; ____, c e l ls  in mixed c u l t u r e ;    c e l ls
in monoculture.
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Table 1. In te ra c t io n  of Trichomonads w ith Mammalian C e lls  in v i t r o
Ratio o f  
myeloma c e l ls :  
trichomonads
Time (hours) ^or c e l l l in e s  to  disappear
A B C D
20:1 44 68 87 00
The ta b le  shows the same experimental data as Figure 4 in  
tabu la ted  form. T. vagina l is  G3 was added to  a c u ltu re  of 
myeloma c e l l s  a t  a r a t i o  o f  2 0 : 1 ,  m am m alian
cells:tr ichom onads. Key: A, time point fo r  trichomonads in 
monoculture to  d ie ; B, time point fo r  mammalian c e l ls  in 
mixed c u ltu re  to d ie ; C, time point fo r  trichomonads in  
mixed c u ltu re  to  d ie ; D, time point fo r  mammalian c e l ls  in  
monoculture to  d ie .
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Figure 5. The In te ra c t io n  o f T. vag i na l i s  and Hela C e lls  in v i t r o .
The experiment was performed th ree  times and the means are  
given in th is  f ig u r e .  T. vagina l i s  G3 was added to  a c u ltu re  
o f  HeLa c e l l s  a t  a r a t i o  o f  2 0 : 1 ,  m am malian  
cells :tr ichom onads. Key to  c e l l  types: # ,  tr ichom onads;O,
mammalian c e l ls ;  ___ , c e l ls  in mixed cu ltu res ;------ , c e l ls  in
monoculture.
Lo
g 
10 
nu
m
be
r 
ce
lls
 
m
l
6.0
0
3.0
AB C
T I M E  ( h )
9 9
dying, th a t  is they overgrew, even in the absence o f mammalian c e l ls .  
In the other extreme, i f  only a small number o f trichomonads were used 
then no cy to tox ic  e f fe c t  on the mammalian c e l ls  was observed. C le a r ly ,  
the number of trichomonads added to  the mammalian c e l l  c u ltu re  must 
f a l l  between these l im i t s ,  defined as the maximum and minimum, fo r  
th e re  to  be a c y t o t o x ic  e f f e c t  upon which th e  tr ichom onads a re  
dependent fo r  t h e i r  survival and growth. The growth and surv iva l o f T. 
vagina l is  G3 in EMEM in t issue  c u ltu re  with a gaseous phase o f 5% CC^j 
95% a i r ,  from various i n i t i a l  densit ies  is shown in Figure 6. This 
demonstrates th a t  an i n i t i a l  density  of less than 5x10^ trichomonads 
ml“ l  must be used in cu ltures  with Hela c e l ls  i f  the in te ra c t io n  is  to  
be dependent upon the cy to tox ic  p o te n tia l  o f the trichomonads towards 
the Hela c e l ls .  The maximum and minimum dens it ies  were found to  depend 
upon th e  mammalian c e l l  ty p e  and medium used and w h eth er th e  
experiment was carr ied  out in Leighton tubes or the w e lls  o f t is su e  
c u ltu re  p la te s .  S im i la r ly  the k in e t ic s  of the in te ra c t io n  depend upon 
these fa c to rs  (Table 2 ) .
3 .1 . 1 .1 .  The E ffec ts  o f Varying the Number o f  Trichomonads and 
Mammalian C ells
The e f fe c ts  o f varying the r a t io  of trichomonads to  mammalian 
c e l ls  was tested  using several s ta r t in g  d e n s it ies  o f mammalian c e l ls  
as shown in Table 2a and 2b. The resu lts  given in Table 2a in d ic a te  
th a t  the cytopathogenic e f fe c t  is  dependent not only on the r a t io  of  
trichomonads to  mammalian c e l ls  but also on the density  o f mammalian 
c e l ls .  In Table 2b the re su lts  fo r  the same experiment are presented 
in terms o f i n i t i a l  dens it ies  of trichomonads. These show th a t  w ith a 
myeloma c e l l  d e n s i ty  o f  4x10^ m l~* or le s s ,  g r e a t e r  than 4x10^  
trichomonads ml- * must be added fo r  pathogenicity  to  be observed. I f ,
r _  1
however, the initial density of T. v a g i n a l i s is 8xlCr ml 1 or higher,
100
*Figure 6. Growth o f  T. vag ina l i s  G3 in EMEM' under 5% CO2 , 95% a i r .
Twice d a i ly  counts o f trichomonad d en s it ies  were taken. # ,  
Mean (±  S .D .)  o f  3 experiments.
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they grow in monoculture. With a myeloma density  o f 8x10^ ml- * ,  only  
1.5x10^ trichomonads ml- * were needed fo r  the cytopathogenic e f fe c t  to  
occur.
3 .1 . 1 .2 .  E ffec ts  o f Varying the Medium
Trichomonads had no observable e f fe c t  on mammalian c e l ls  i f  the
paras ites  were added as a suspension in HOMEM medium ra th e r  than MDM.
Hence an experiment was carr ied  out to discover the concentration o f
MDM requried , the resu lts  are shown in Table 3. I t  was found th a t  the
incubation medium must contain at leas t 25% MDM fo r  a cy to to x ic  e f fe c t
to  be o b served . I f  th e  p ro p o r t io n  o f  MDM was in c re a s e d  to  45%,
however, the trichomonads grew and overgrew even in monoculture at an
i n i t i a l  density  o f 10^ ml- * .  Consequently a ratio of 30"' MDM 
bo 7 0 ^ HOMEM was u s e d .
An experiment was performed using the murine macrophage-like
c e l l  l in e  P388Dj to determine whether resuspending the trichomonads in 
fresh MDM before addition  to  the mammalian c e l l  l i n e ,  as opposed to  
adding them in the  MDM in  which they  had grown changed th e  
c y to to x ic i ty  o f the trichomonads. The re su lts  are given in Table 4.
The observed in te ra c t io n  was qu ite  s im i la r  in both cases although at
the 2 :1 ,  mammalian c e l l : trichomonad r a t io ,  the macrophages were lysed 
less ra p id ly  when spent MDM was added with the trichomonads whereas at  
the  same d e n s i ty  tr ichom onads in m onoculture  d ie d  s l i g h t l y  more 
ra p id ly  when fresh MDM was used.
3 .1 . 1 .3 .  The E ffec ts  o f Varying the Depth and Volume o f the Medium
/
The e f fe c ts  of using d i f fe r e n t  depths and volume o f medium in 
w e l ls  o f  a t is s u e  c u l t u r e  p la t e  upon the  c y t o p a t h o g e n ic i ty  o f  
T. vagina l is  were investiga ted  using a range of trichomonad d e n s it ie s ,  
as shown in Table 5. I t  was found th a t i f  a volume o f 1.25ml or more 
was used with a high density  of trichomonads, the trichomonads
104
Table 3. The E f fe c ts  o f  V ary in g  th e  Media upon th e  In t e r a c t i o n  
between Trichomonads and Mammalian C e lls
% TIME (HOURS) FOR CELLS TO DIE:
MDM:H0MEM   MINIMUM RATIO
A B C D
15:85 43 00 55 00 2:1
25:75 43 00 69 00 2:1
10:1 
10:1 
10:1 
10:1
30:70
40:60
45:55
50:50
4
7/ i ;
. trichomonads overgrew 
T. v a g i n a l i s  G3 c e l l s  were added a t  a r a t i o  o f  2 0 : 1 ,  
mammalian ce l ls :tr ich o m o n ad s ,to  a c u ltu re  o f  myeloma c e l ls  
at a density  o f 2x10^ ml- * .  The experiment was performed in  
the w ells  of a t issue  c u ltu re  p la te .  Key: A, time po in t fo r  
trichomonads in monoculture; B, time point fo r  mammalian 
c e l ls  in mixed c u ltu re ;  C, time point fo r  trichomonads in 
mixed c u l t u r e ;  D, t im e  p o in t  f o r  mammalian c e l l s  in  
m on o cu ltu re ; K / * '  , c y t o p a t h o g e n ic i ty  observed but  
t r ic h o m o n a d s  o v e rg re w  in  m o n o c u l t u r e ;
/  cytopathogenic ity  observed and trichomonads did not grow in 
monoculture; I j no e f fe c t  on mammalian c e l ls ;  , minimum
Ck
RATIO-lowest r a t io  of mammalian cel 1s:trichomo nds (a t  a 
density  of 2x10^ myeloma c e l ls )  at which trichomonads had a 
cytopathogenic e f fe c t  on mammalian c e l ls .
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Table 4. The E ffe c t  of Resuspending Trichomonads in Fresh MDM before  
Adding to  Mammalian Cell Culture
RATIO OF
MAMMALIAN CELLS: 
TRICHOMONADS
Trichomonads resuspended 
in MDM they had grown in
B D
Trichomonads resuspended 
in fresh MDM
A B D
5:1
2:1
1:1
46 00 46 00
7 — T
7 7 /  2 9 - 5 3 /  120
Y
00
T
1 2 0 * ' /  22 y 7 0 -1 2 0 7 0 0 x
4 6 / 5 3 - 7 0 / 1 2 0
, trichomonads overgrew 
T. vagina l is  G3 c e l ls  were added at various ra t io s  to  a 
c u l t u r e  o f  macrophages a t  a d e n s i ty  o f  10^ m l- * .  The 
experiment was performed in the w ells  o f a t issu e  cu ltu re  
p la te .  Data represent a range from 5 experiments normally  
checked a t 6, 22, 29, 46, 53, 70, 77, 94 and 120 hours. Key: 
A, time point fo r  trichomonads in monoculture; B, time point  
f o r  mammalian c e l l s  in m onocu ltu re ; C, t im e  p o in t  f o r  
trichomonads in mixed c u ltu re ;  D, time point fo r  mammalian 
c e l ls  in monoculture; , cytopathogenic ity  observed and
tr ic h o m o n a d s  o v e rg re w  in  m o n o c u l tu r e ;
cytopathogenic ity  observed and trichomonads did not grow in  
monoculture; | ] , no e f fe c t  on mammalian c e l ls .
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Table 5. Survival o f  T. vagina l is  in cbllores of d i f f e r e n t  Depths and 
Volumes.
TIME FOR CELLS TO DIE (HOURS):
INITIAL  
TRICHOMONAD 
DENSITY 
(ml *)
VOLUME (m l):
0 .2 5 0 .5 0 0 .7 5 1.00 1.25 1 .50
DEPTH (mm)
- 1.2 2 . 4 3 . 6 4 . 9 6 .1 7 .3
8 . 0 x l 0 4 44 44 44 50 ★80 00 0
*
5 . 5 x l 0 4 20 44 44 44 44 44
3 . 0 x l 0 4 20 20 20 20 20 20
4 . 0 x l 0 3 20 20 20 20 20 20
Trichomonads were added in various d en s it ies  to  various  
depths o f HOMEM medium in w ells  o f t issu e  c u ltu re  p la tes  and 
incubated in an atmosphere o f 5% CO2 , 95% a i r .
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overgrew, whereas when a low volume was used the trichomonads died 
very ra p id ly  even at a r e la t iv e ly  high density . Consequently, an 
in te r m e d ia te  volume o f  0 .75m l was chosen f o r  r o u t in e  use in  
experiments.
3 .1 .1 .4  The E ffec ts  o f D i f fe re n t  Sera on the In te ra c t io n  
The mammalian c e l l  l in e  and trichomonads were grown up under 
standard conditions but then washed and resuspended in appropriate  
media containing one of several sera to be te s te d . The in te ra c t io n  o f  
the c e l l  types in the presence of various sera is shown in Table 6. 
Minor d if fe rences  between the in te ra c t io n  occurring in d i f fe r e n t  sera 
w ere  o b s e r v e d ,  b u t  m a jo r  d i f f e r e n c e s  w ere  n o t  fo u n d .  No 
cytopathogenic ity  was apparent when serum was omitted a lto g e th e r .  
Guina pig serum seemed the most e f fe c t iv e  at supporting trichomonad/ 
mammalian c e l l  in te ra c t io n ,  a cytopathogenic e f fe c t  being observed 
even at a r a t io  of 10:1, mammalian cel Is  .-trichomonads. In order to  
f in d  out how the d i f f e r e n t  sera supported growth o f the trichomonads 
themselves, an experiment was carr ied  out to  determine the extent of  
growth o f  tr ichom onads a x e n ic a l l y  in  mixed MDM/HOMEM medium 
supplemented with d i f f e r e n t  sera and incubating a t 37°C under an 
atmosphere of 5% CO2 , 95% a i r .  I t  was found th a t  growth was minimal 
and surv iva l only short term in a l l  sera except guinea pig and mouse 
serum. In these, however, trichomonads grew ra p id ly  and well even from 
a low i n i t i a l  density .
3 .1 . 1 .5 .  The Cytopathogenic E ffe c t  of T. vagina l is  on D i f fe re n t  
Mammalian Cell Lines 
The cyto tox ic  e ffe c ts  o f T. vagina l is  G3. against three  other  
mammalian c e l l  l in e s ,  which had been used previously  by others to  
de te rm in e  the  c y t o p a t h o g e n ic i ty  o f  tr ich o m o n ad s, were a ls o  
investigated  using the standard procedure developed fo r  myeloma c e l ls .
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Their  r e la t iv e  s u s c e p t ib i l i t ie s  to T. vagina l is  G3 in our model system 
are given in Table 7. The same basic in te ra c t io n  occurred in a l l  
cases. The cytoxic  e f fe c t  was most dramatic when myeloma and Hela 
c e l ls  were used as these c e l l  l ines  disappeared most ra p id ly  in the  
presence o f trichomonads, and the trichomonads in mixed c u ltu re  with  
these c e l l  l in es  grew and overgrew most q u ick ly .  However, f a r  fewer 
trichomonads were needed to  cause an e f fe c t  on Hela c e l ls  than fo r  
myeloma c e l ls ,  the minimum ra t io s  o f mammalian cells :tr ichom onads  
being 100:1 and 10:1 re s p e c t iv e ly .
In each case o f  an i s o l a t e  i n t e r a c t i n g  w i th  H e la  c e l l s  and 
myeloma c e l ls  a f a r  g re a te r  minimum r a t io  was required fo r  a cy to to x ic  
e f fe c t  to  occur against the myeloma c e l l  l in e  than fo r  th is  to occur 
against Hela c e l ls ,  and one is o la te  T. vagina l is  45733, did not have 
any e f fe c t  on the myeloma c e l l  l in e  although a t a r a t io  o f 200:1  
mammal ian/trichomonads c e l ls ,  th is  is o la te  caused complete destruction  
of the Hela c e l l  monolayer (Table 4 ) .
Observing the in te ra c t io n s  of T. vagina l is  w ith  mammalian c e l ls  
with a L e itz  inverted  microscope, d if fe rences  were noted between 
experiments using the two d i f fe r e n t  c e l l  types. Myeloma c e l ls  did not 
adhere to the f la s k  as s trong ly  as the Hela c e l l  l in e  which needed 
t ry p s in iz in g  to  f re e  the c e l ls .  When the trichomonads were added to  
the  mammalian c e l l  c u l t u r e  th e y  d id  not appear to  a t ta c h  to  th e  
myeloma c e l ls ,  however attachment of many m o ti le  trichomonads to  the  
Hela c e l l  monolayer was observed.
3 .1 .2 .  The Subcutaneous Mouse Model
3 .1 .2 .1 .  The Effects  o f Adding Agar to the Inocu la tion  Medium 
In e a r ly  experiments, published methods were followed and mice 
were inoculated subcutaneously in a f lank  with trichomonads suspended
110
Table 7. Comparison o f  C y to to x ic  E f f e c t s  o f  T. v a g i n a l i s  G3 on 
D if fe re n t  Mammalian Cell Lines
MAMMALIAN INITIAL TIME (HOURS) FOR CELLS MINIMUM* MEDIUM
CELL LINES CELL n TO DIE RATIO
DENSITY A B C D
CHO 2 x l0 6 1 125 37 103* 00 - H0MEM
MACROPHAGE 106 4 46-72 65-72 95-113* 00 20:1 H0MEM
MYELOMAa 106 6 41-48 28-53 70-125* 00 20:1 H0MEM
MYELOMAb 106 4 44 00 44 00 - H0MEM
CHICK EMBRYO 5 x l0 5 2 71 71 95* 00 - HBME
HELA 2 x l06 5 90-119* 28-48 71-94* 00 100:1 EMEM
Experiments were carr ied  out in wells  o f a t is su e  c u ltu re  
p la te  except fo r  MYELOMAb. Data given are fo r  20:1 mammalian 
c e l l : t r ic h o m o n a d  r a t i o .  Key CHO, Chinese ham ster ovary  
c e l ls ;  MACROPHAGE, murine macrophage-like c e l l  l in e  P388Dj; 
MYELOMAa, murine myeloma c e l ls  (w e l ls ) ;  MYELOMAb, murine 
myeloma c e l ls  (tubes); n, number of experiments performed 
f o r  each c e l l  l i n e ;  MINIMUM RATIO*, low est r a t i o  o f  
mammalian cellsrtrichomonads a t which cytopathogenic e f fe c t  
is  observed. A B C D - as in previous tables.
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in fresh MDM medium. The lesions re s u lt in g  from th is  procedure were 
found to grow slowly and there was great inconsistency w ith in  groups 
of mice (Figure 7 ) .  When, however, trichomonads were resuspended in 
MDM supplemented with 0.16% bactoagar p r io r  to  in c o lu t io n ,  subsequent 
lesion growth was found to be more rapid and there  was much g re a te r  
consistency w ith in  groups o f mice (F igure 7 ) .  Inocu la tion  o f MDM with  
0.16% agar in the absence o f trichomonads did not cause les ions .  
S u b seq u en tly ,  MDM c o n ta in in g  agar was used r o u t i n e l y  in  th e  
subcutaneous mouse model in fe c t io n .
3 .1 . 2 .2 .  Growth o f  T. v a g i n a l i s  Subcutaneously  in  D i f f e r e n t
S tra ins  o f  Mice
The r a t e  o f  le s io n  growth a f t e r  subcutaneous in o c u la t io n  o f  
T. vag ina l i s  G3 in to  the flanks  o f mice was found to  depend upon the  
s tra in  o f mouse used (Figure 8 ) .  No lesions appeared in C57 black  
mice, o f the three  susceptib le  s tra in s  lesions grew most ra p id ly  in 
Balb/c mice. Balb/c mice were subsequently used fo r  a l l  experiments 
with the subcutaneous model.
3 .1 .2 .3 .  Growth o f T. vag ina l is  as Subcutaneous Lesions in Naive
and P rev io u s ly - In fec ted  Mice
B a lb /c  mice which had been in f e c t e d  su b cu tan eous ly  w i th  T. 
v a g i n a l i s  G3 two months p r e v io u s ly  were r e - in o c u la t e d  w ith  T. 
v a g i n a l i s  G3 in  both f l a n k s .  The p r e v io u s ly  induced le s io n s  had 
ruptured and disappeared several weeks p r io r  to  the second experiment.
A second group o f Balb/c mice, o f  the same age as the f i r s t  group but 
which had not been p r e v io u s ly  in fe c t e d  w ith  T. v a g i n a l i s t were  
s im i la r ly  inoculated with T. vagina l is  G3 at the same time as the  
f i r s t  group (F ig u re  9 ) .  The r a te s  o f  growth o f  th e  subcutaneous  
lesions were found to be very s im lar in the two groups o f mice.
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Figure 7. The E ffec ts  o f  Adding Agar to  the Inoculation  Medium.
Means (+ S .D .)  o f groups o f th ree  mice are shown. The la s t  
point p lo tte d  fo r  each group is  the la s t  measurement taken 
before the f i r s t  lesion ruptured. Key: # ,  MDM with 0.16%
bactoagar; □ ,  T.vagi na l i s  G3 in MDM; B, T. vagina l is  
G3 in MDM with  0.16% bactoagar.
1 ---------- T---------------- 1---------------? ------------r
8 1 12 14 16
D a y s ( p o s t - i n f e c t i o n )
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Figure 8 . Growth o f T. vaginal is  subcutaneously in D i f fe re n t  S tra ins
o f Mice 
( t
Meansjof groups o f three mice are shown, female mice
aged 2 months were used. Key: # ,  Balb/c mice; ■ ,  CBA;
A ,  NIH; ♦ ,  C57 Black.
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Figure 9. Growth o f T. vagina l is  as Subcutaneous Lesions in Naive and 
P rev io u s ly - In fec ted  Mice
Means (+ S .D .)  o f groups o f 6 mice are shown. Female Balb/c  
mice aged about 2 months were used. Key: # ,  naive mice;
■  , previously  in fected  mice.
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3 .1 .2 .4 .  R e la t io n s h ip  between Lesion Volume and Number o f
Trichomonads
Lesions produced by subcutaneous inoculation  o f T. vagina l is  G3 
were dissected out at d i f fe r e n t  times p o s t- in fe c t io n  and the number of  
m otile  trichomonads contained w ith in  each lesion was counted. The 
resu lts  (F igure 10) showed th a t  there  was a d ire c t  c o rre la t io n  between 
lesion volume and number o f trichomonads contained w ith in  i t  up to  a 
lesion s ize  o f approximately 150mrn .^ Larger lesions g en era lly  did not 
contain g rea te r  numbers o f trichomonads.
3 .1 . 2 .5 .  Lesion Growth in Mice o f D if fe re n t  Ages
Three groups o f CBA mice (female, 2 months old; female, 7 months 
o ld ;  m ale , 5 months o ld )  were compared f o r  s u s c e p t i b i l i t y  to  T. 
vaginal is  G3 inoculated subcutaneously. The ra te  o f lesion growth in 
each o f the three  groups was very s im i la r  (Figure 11).
3 .1 .2 .6 .  The E ffe c t  o f Growth Phase of Trichomonads upon t h e i r
In f e c t i v i t y
T. vagina l is  39, harvested from axenic cu ltures in MDM th a t  were 
a t lag  phase (about 5x10^ m l- * ) ,  log phase (about 10^ m l- 1 ) and 
s ta tio n ary  phase (about 10^ ml- * ) ,  were inoculated subcutaneously in to  
the flanks o f Balb/c mice using the routine  procedure and the volumes 
of the lesions produced measured fo r  the next 9 days. The re su lts  are  
shown in Figure 12. The lesions caused by each of these populations of  
T. vagina l is  grew s im i la r ly  i n i t i a l l y  but a f te r  approximately three  
days the growth ra te  o f the lesions caused by the lag phase c u ltu re  
slowed down to a g reater extent than the growth rates of the lesions  
produced by log phase and s ta t io n ary  phase c e l ls .  Dead trichomonad 
c e l ls ,  k i l l e d  by metronidazole at log-phase, produced no lesions when 
in jec ted  subcutaneously.
116
Figure 10. Relationship  between Lesion Size and Number o f  Trichomonads
f4 S .I l )
Female B a lb /c  m ice , aged 2 months were used. Means o f  
groups o f  3 le s io n s  a re  shown except where o th e rw is e  
in d ica ted .
L
o
g
io
n°
- 
tr
ic
ho
m
on
ad
s 
in 
le
si
on
7 .0 -
n=6
6 .0 -
5 .0 -
4 .0 -
50 -  >100 1 5 0 - 2 0 0 - 1 2 5 0 - '3 0 0 —13 5 0 -' 4 0 0 -' 450-' 5 0 0 -'5  50J  6 0 0 - ' 6 5 0 - 17 0 0 - ' 75 0 -'
99 149 199 249 299 34 9  399 44 9  499 549  599 649 699 749 799
VOLUME OF LESION (mm3 )
117
Figure 11. Lesion Growth in Mice o f D i f fe r e n t  Ages
Means o f groups o f th ree  mice are shown. Key: # ,  CBA mice,
aged 5 months, male; I ,  CBA mice, aged 2 months, female; 
A, CBA, aged 7 months, female.
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Figure 12. The E f f e c t  o f  Growth Phase o f  Trichomonads upon t h e i r
I n f e c t i v i t y  ( t w o
Groups o f  3 mice were used and th e  mean le s io n  volume
p lo t te d .  Key: ■ ,  trichomonads in log phase inoculated; # -  
trichomonads in lag phase in o c u la t e d ; # - - ,  trichomonads in 
s ta t io n ary  phase inoculated . A Student's t  te s t  was carr ied  
out to  determine whether lesion volumes were s ig n i f ic a n t ly  
d i f fe r e n t  on day 4 p o s t - in fe c t io n .  This day was chosen as 
th e  le s io n s  were a t  maximum volume b e fo re  b eg in n in g  to  
rupture . I t  was found th a t  the d iffe rences  between lesion  
volumes caused by lag , log and s ta t io n ary  phase cu ltures  
were s ig n i f ic a n t ly  d i f f e r e n t  (P = 0 .1 ) .
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3 .1 . 2 .7 .  The E ffec t of Serum Type in the Growth Medium upon the  
Growth of Subcutaneous Lesions caused by Trichomonads 
The ra te s  o f  growth o f  le s io n  produced by th e  tr ichom onads  
cultured  in media with d i f fe r e n t  sera or suspended in media with no 
serum were r e la t iv e ly  s im i la r  (Figure 13), c e r ta in ly  i f  the re su lts  
are compared with those obtained using d i f fe r e n t  mice (F igure 8) or no 
agar (F igure 9 ) .  The lesions produced by trichomonads which had been 
grown in fo e ta l  c a l f  serum or newborn c a l f  serum apparently  produced 
lesions more slowly than trichomonads grown in horse serum, th ere  was 
also g re a te r  d iv e rs i ty  w ith in  these groups o f mice. In te r e s t in g ly ,  
suspension o f trichomonads in inoculation medium w ithout serum had no 
e f fe c t  on the subsequent production of les ions.
3 .1 .3 .  The In travag ina l Mouse Model
3 .1 . 3 .1 .  The S u s c e p t ib i l i t ie s  o f Normal and Ovariectomized Mice 
A group of Balb/c mice were spayed and allowed to  recover fo r  3 
months. Subsequently, they and a s im i la r  group o f  mice o f  the same 
age, but which had not been spayed, were inoculated w ith  T. vag i na l i s  
39 in vivo and the in fect ions  monitored (Table 8 ) .  A higher percentage  
o f the group o f mice which had been spayed were in fe c ted  a f t e r  3, 7 
and 14 days, than the in ta c t  mice. None of the in ta c t  mice remained 
in fec ted  past 20 days p o s t- in fe c t io n  whereas at 28 days 30% o f spayed 
mice were s t i l l  in fected and at leas t one mouse had an in fe c t io n  a t 76 
days p o s t - in fe c t io n .  Although th is  p a r t ic u la r  experiment ind icates  
th a t  spayed mice were more susceptib le than in ta c t  mice th is  was not 
found c o n s is te n t ly .  In some subsequent experiments, an equa lly  or even 
higher ra te  of in f e c t i v i t y  was achieved with - in ta c t  mice than with  
spayed mice, fo r  example, T. vaginal is  39 in fected  76% of mice in one 
case and in one p a r t ic u la r  mouse the in fe c t io n  lasted  92 days. I t  
appears, however, tha t the va r ia b le  resu lts  are mainly due to
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Figure 13. E ffe c t  o f Serum Type on Subcutaneous Lesion Growth
and suspended
Trichomonads were cu ltured  jh'n media with d i f f e r e n t  sera or
suspended in media with no serum. K ey :#— , no serum; #--,10%
10%
horse serum;®—  , 10% newborn c a l f  serum;®—  , ^ fo e ta l  c a l f  
serum. A Student's  t  te s t  was performed on the re su lts  fo r  
day 4 p o s t - in fe c t io n ,  th is  day chosen as g iv ing the maximum 
lesion volumes before lesions began to rupture . I t  was found 
th a t  d iffe rences  between les ion  volumes from the d i f f e r e n t  
c u l tu r e s  were not s i g n i f i c a n t  a t  40% c o n fid e n c e  l i m i t s  
except fo r  th a t  between the lesions from cu ltures  w ith no 
serum and those supplemented w ith fo e ta l  c a l f  serum.(n=3 ^mean
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diffe rences  in s u s c e p t ib i l i t y  of the in ta c t  mice fo r  reasons not f u l l y  
understood.
3 .1 .3 .2 .  The Dependence upon the Number o f Trichomonads Inoculated  
The in fe c t io n  rates and longevity  of in fec t io n s  re s u lt in g  from 
inocu la tion  o f e i t h e r  10^ or 10^ T. vaginal is  39 in vivo c e l ls  were 
r e la t i v e ly  s im i la r ,  with the exception th a t  trichomonads were detected  
in more mice a t  3 days p o s t - i n f e c t i o n  when th e  h ig h e r  p a r a s i t e  
inoculum was used (Table 9 ) .
3 .1 . 3 .3 .  In v es t ig a t io n  of the Relationship between the Condition o f  
the Mouse Vagina on In fe c t io n  with T. vagina l is  
Balb/c mice were inoculated in t ra v a g in a l ly  with trichomonads 
using the rou tine  procedure. Immediately before in fe c t io n ,  however, a 
vaginal smear was taken and i t s  appearance noted. The various stages 
of the oestrus cycle o f the mouse were defined as ind icated  in Figure  
3. The course o f in fec t io n s  was monitored in the usual way, but smears 
were also taken and the appearance of the vaginal c e l ls  noted. The 
resu lts  are given in Table 10.
The re su lts  suggest th a t  the s u s c e p t ib i l i ty  o f  the mice depends 
upon the stage o f the oestrus cycle at the time o f in fe c t io n .  For 
instance, 78% o f mice which were in ea r ly  pro-oestrus a t the time of  
inocu lation  became in fected  whereas only 31% o f mice which were in  
oestrus at the time of inoculation  were found to be in fected  7 days 
l a t e r .  I t  is  n o te w o rth y , however, t h a t  the  c o r r e l a t i o n  was not 
absolute. A 100% in fe c t io n  ra te  was not achieved and none o f the  
groups o f mice were t o t a l l y  re fra c to ry .
The data from the wash-outs show that 80% of the mice apparently  
in meta-oestrus at the time of sampling were in fec ted , w h ils t  only 18% 
of th e  mice a p p a re n t ly  in e a r ly  p ro -o e s tru s  w ere . One p o s s ib le
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Table 8 .  S u s c e p t ib i l i ty  o f  In ta c t  and Spayed Mice to  In tra va g in a l  
In fe c t io n  with T. vagina l is
CONDITION 
OF MICE
NO. OF 
MICE
% OF MICE INFECTED AFTER
NUMBER OF 
DAYS AFTER WHICH 
INFECTION WAS NOT 
DETECTED3 DAYS 7 DAYS 14 DAYS 28 DAYS
INTACT 14 28 28 28 0 20
SPAYED 10 60 60 60 30 76
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Table 9. The E ffe c t  o f  the Numbers o f Parasites Inoculated 
the In fe c t io n  Rates
upon
number
NO. OF NO. OF % OF MICE STILL INFECTED AFTER: OF DAYS AFTER
TRICHOMONADS MICE -------- ------------------------------------------------  WHICH INFECTION
INOCULATED 3 DAYS 7 DAYS 14 DAYS 28 DAYS WAS NOT DETECTED
105 6 17 17 0 0 7
106 6 50 17 0 0 7
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Table 10. Likelyhood of infection at various
of the oestrus cycle.
s tage s - i
CELLS PRESENT 
IN VAGINAL 
SMEAR
RN P RN SC RN SC - SC P SC RN P
STATE OF 
CYCLE :
D I­
OESTRUS
EARLY PRO 
OESTRUS
-  LATE PRO 
OESTRUS OESTRUS
META- LATE META 
OESTRUS OESTRUS
/ o  of \,\vce ikttyuS
■STV-n £  W rU C H  £t<-tSVi\L- 
lili-e c rT E -D  .
57 78 59 31 50 40
totalnum ber  o f
MICE USED
62 16 73 20 2 7
% OF A lic e  L r\C H  
^  T i(Y \£  0 *: Vm.A&h
wvavcu weee norecreti 27 18 39 73 80 50
TOTALNUMBER OF 
MICE US£D
11 22 16 45 10 49
The ta b le shows the number o f mice tested th a t were at each
stage o f the oestrus cyc le , and the percentage o f  those  
which were p o s it iv e  fo r  trichomonads present in the vagina.  
Th f i r s t  section gives the number o f mice found to  be a t  
each stage o f the cycle on in fe c t io n  and the percentage o f  
those which gained in fec t io n s  which lasted a t le a s t  7 days. 
The second section of the ta b le  shows the number o f mice 
tested  which were at each stage of the oestrus cycle  when 
washed-out at 7 days p o s t- in fe c t io n  and the percentage o f  
each o f these which were in fected  at th a t  t im e. The stages 
of the cycle  are as defined in Figure 3. Key SC, square, 
corjjf ied  c e l ls  present in smear; RN, round, nucleated c e l ls  
present in smear; P, polymorphonuclear leucocytes present in 
smear.
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explanation of the resu lts  is th a t  the number o f trichomonads in the  
vagina varies  w ith stage of the oestrus cycle and th a t  a low number o f  
trichomonads would not be detected and so scored as negative fo r  
in fe c t io n .  A l te r n a t iv e ly ,  the presence o f trichomonads may a f fe c t  the  
s ta te  o f the vaginal ep ithe lium  and so the apparent stage o f the  
oestrus cyc le .
3 .1 . 3 .4 .  The E ffec ts  o f Oestradiol Treatment o f  the Mice
In the standard in fe c t io n  procedure, o e s tr io d io l-17 B -cy p io n ate  
was used a t a dose of 40mg (kg body w e ig h t )" * ,  given as a suspension 
in 0.2ml corn o i l  and administered subcutaneously two days p r io r  to  
in fe c t io n .  The e f fe c ts  o f varying th is  hormone treatm ent upon the  
s ta te  o f the vagina were tested and the re su lts  are shown in Table 11. 
Mice given the standard dose, administered h a l f  in t r a p e r i to n e a l ly  and 
h a l f  subcutaneously were brought in to  oestrus in two days w ith oestrus  
la s t in g  2-3 days. In tra p e r i to n e a l  dosing only , however, brought the  
mice in to  oestrus sooner. A double dose caused the mice to  remain in 
oestrus fo r  longer and mice in jec ted  with a h a l f  dose took 3 days to  
come in to  oestrus, although oestrus lasted fo r  3 days once reached.
A group o f three  spayed mice was hormone tre a te d  in the standard  
way and the conditions o f the vaginal ep ithelium  monitored. They were 
not brought in to  oestrus w ith in  5 days. Non-treated spayed mice did  
not reach o e s tru s  d u r in g  t h i s  p e r io d  e i t h e r .  A double  dose o f  
oestrad io l ( i . e .  80mg kg” *) was then given in the same way but again 
n e ith e r  the tre a ted  nor untreated mice came in to  oestrus w ith in  5 
days.
Another group of 3 spayed mice was smeared d a i ly  fo r  2 weeks and 
the appearance of vaginal smears noted (Table 12a). Two o f the mice 
were hormone trea ted  in the standard way on Day 0 and a l l  mice were 
trea ted  on Day 9. None of the mice appeared to reach oestrus at any
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Table 11. The E ffec ts , o f  Oestradiol Treatment on the Condition o f the  
Mouse Vagina
OESTROUS
MOUSE
HORMONE TREATMENT 
mg kg"1 INJECTIONS 0 1
DAY
2 3 4 5
A 40 0.1ml i'P + 0.1ml SC X X y y y X
B 40 0.1ml ip + 0.1ml SC X X y y X X
C 40 0.2m 1 SC X X y y X X
D 40 0 .2m 1 IP y y y X X X
E 80 0.2ml ip + 0.2ml SC X X y y y y
F 20 0.05ml ip + 0.05ml SC X X X y y y
O estrad io l- l^B -cyp io n ate  was the hormone used, given as a 
suspension in 0.2ml corn o i l .  Key: / ,  oestrous condition;
x , non-oestrous co n d it io n , SC, subcutaneous in je c t io n ;  IP ,  
in tra p e r i to n e a l  in je c t io n .
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Table 12a. The Composition o f Vaginal Smears from Spayed Mice a f t e r  
Oestradiol Treatment
Day
Cell Types Observed in Vaginal Smears:
MOUSE A MOUSE B MOUSE C
0 -  RN
*
P -  RN
*
P SC RN P
1 SC RN P SC RN P SC RN P
2 SC RN P -  RN P SC RN P
3 SC RN P -  RN P SC RN P
4 SC RN P -  RN P SC RN P
5 -  RN P -  RN P SC RN P
6 -  RN - -  RN P SC RN P
7 -  RN - -  Rft P SC RN P
8 -  RN - -  RN P -  RN P
9 -  RN P* -  RN P* SC RN P*
10 SC RN P -  RN P -  RN P
11 -  RN P -  RN P SC RN P
12 -  RN P -  RN P SC RN P
13 -  RN P -  RN P SC -  P
14 -  RN - -  RN P SC RN P
Key; , mice tre a ted  subcutaneously with o e s t ra d io l -1 2 8 -  
cypionate a t 40mg kg body weight- 1 ; SC, square, c o rn i f ie d  
c e l l s ;  RN, round n u c le a te d  c e l l s ;  P, po lym orphonuclear
leukocytes.
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time and it was impossible to detect any change in the composition of  
vaginal smears th a t re la ted  to the hormone treatm ent.
A s i m i l a r  e x p e r im e n t  was p e r fo rm e d  on m ice  i n o c u l a t e d  
in t ra v a g in a l ly  with T. vagina l is  39 in v ivo.  A l l  mice were hormone- 
t re a ted  in the standard way on Day 0, inoculated with paras ites  on Day 
2 and washed out on Day 6. In addition  vaginal smears were made d a i ly .  
The re s u lts  (shown in Table 12b) were ra th e r  v a r ia b le  and there  were 
no c le a r  cut c o rre la t io n s  apparent. S u rp r is in g ly ,  the number o f days 
fo r  a mouse to  reach oestrus a f t e r  hormone-treatment var ied ; mice D, E 
and F being in oestrus by Day 2, the day o f in fe c t io n ,  whereas other  
mice did not come in to  oestrus u n t i l  Day 4 or 5. Nevertheless, the  
appearance o f  th e  v a g in a l  smear on th e  day o f  i n f e c t i o n  d id  not  
d i r e c t ly  c o rre la te  with whether or not a mouse was in fected  on Day 6 
p o s t - in fe c t io n ,  n e ith e r  did the length of time the mouse remained in  
oestrus a f t e r  being in fe c ted . Also the appearance o f the vaginal smear 
at the time of wash-out appeared to  have no bearing on whether the  
mouse was found to  be p o s it iv e  or negative fo r  in fe c t io n  a t th a t  t im e.  
Although the resu lts  apparently  do not f i t  in w ith those o f Table 10, 
they are not inconsistent fo r  as stated p rev ious ly , the c o r re la t io n  
was f a r  from absolute. I t  was only possible to  use a small number o f  
mice in th is  experiment and th is  l im ite d  the s ig n if ic a n c e  o f  the  
re s u lts .  In a d d it io n , the d a i ly  manipulations o f the vagina may have
i n t e r f e r e d  w ith  th e  i n f e c t i o n .  D e s p ite  be ing  unable  to  a ch ie v e
permanent oestrus in mice by hormone treatm ent, i t  was evident th a t  
oestrad io l treatment was necessary fo r  in fe c t io n  as no trichomonads 
were ever observed in mice in fec ted  without hormone trea tm ent.
3 .1 .3 .5 .  The Use of Vaginal Plugs
In the e a r ly  experiments the standard procedure was to  plug the  
vagina of each mouse with a small b a ll  of Sterispon immediately a f t e r
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Table 12b. Vaginal Smears from Oestradiol-Treated, Intravaginally
Infected Mice
DAY
CELL TYPES OBSERVED IN VAGINAL SMEARS:
MOUSE A MOUSE B MOUSE C MOUSE D MOUSE E MOUSE F
OESTRADIOL
TREATMENT
INFECTION
0
1
2 SC RN -  RN SC - SC - SC - -  RN
3 SC RN - SC RN - SC - - SC - - SC - - SC RN -
4 SC - - SC RN - SC - - SC - - SC - P SC - -
5 SC - P SC - - SC - - SC - - SC RN P SC - -
WASH-OUT 6 SC - P SC - P SC - P SC - P SC RN P SC - P
7 SC RN P SC RN P SC RN P SC - P SC RN P SC RN P
8 , SC RN P SC RN P SC RN P SC RN P SC RN P SC RN P
9 SC RN P SC RN P SC RN P SC RN P SC RN P SC RN P
10 -  RN P -  RN P -  RN P SC RN P SC RN P -  RN P
6 DAY WASH-OUT 0 + + © + +
14 DAY WASH-OUT © 0 0 © © ©
Key: SC, square , c o r n i f i e d  c e l l s ;  RN, round, n u c le a te d  
c e l ls ;  P, polymorphonuclear leucocytes; +, trichomonads 
p r e s e n t ;© ,  trichomonads not present.
130
inoculation with the parasites. Subsequently, i t  was shown by Miss 
Dianne Markham, working in the same lab o ra to ry , th a t  th is  procedure 
did not enhance the in fe c t io n  ra te ,  and was hence abandoned.
3 .1 . 3 .6 .  The Course o f In travag in a l In fe c t io n s  o f T. vagina l is  in
Mice
ex
Vaginal wash-outs were tj<en from in t r a v a g in a l ly - in fe c te d  mice 
throughout the course o f in fe c t io n .  The growth o f trichomonads in the  
wash-out cu ltures  was then monitred by counting c e l l  numbers using a 
haemocytometer and the f ig u res  used to  c a lc u la te  the approximate  
number o f  trichomonads i n i t i a l l y  present in each c u ltu re .  The number 
o f paras ites  seen in a wet smear of the vaginal wash-out was also  
recorded to  determine how good a guide th is  was to  the number o f  
trichomonads present in the vagina. Representative re s u lts  are shown 
in Table 13. They suggest th a t  the number o f trichomonads present in 
the vagina may f lu c tu a te  during an in fe c t io n .  The f ig u res  fo r  wet 
smears in d ica te  th a t  th is  is a poor method o f estim ating  numbers o f  
paras ites  in the vagina.
!.. " intec\.. on in uirec 
t ' . cv. . :> c., C . = ? '^ds observed in wet
' d f 1 elds.
3 .1 . 3 .7 .  Diagnosis o f In tra vag in a l In fe c t io n  by Detection o f
Paras ite  Proteinases in Vaginal Wash-outs
V ag in a l wash-outs  from mice in fe c t e d  w ith  tr ichom onads were  
c o llec ted  and 0.01ml of each was cultured using standard procedures to  
detect the presence o f v ia b le  trichomonads. The other 0.01ml was 
s u b je c te d  to  e le c t r o p h o r e s is  on a g e l e t i n  gel to  search f o r  th e  
presence of p a ras ite  prote inases. This was carr ied  out by Barbara 
Lockwood using published methods (Lockwood et  a l . ,  1987). Of the 62 
iso la te s  tes ted , however, proteinase a c t iv i t y  on g e la t in  gels was 
detected in only 2 even though 50 were found to contain trichomonads
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Table 13. The Course of Intravaginal Infections
READING DAYS POST­
INFECTION
INITIAL NUMBER *  
ml-1 IN CULTURE
NUMBER PER FIELD 
f xlOO UN  WET SMEAR
A 1 2 2 .5  x 104 2
2 5 2 .8  x 104 3
3 9 2 .3  x 104 1
4 14 1.1 x 104 0
5 41 3 .0  x 104 0
6 56 5 .2  x 103 0
7 79 0 0
B 1 7 1.5  x 104 0
2 12 1.1 x 104 6
3 20 8 .7  x 104 0
4 42 - 0
5 56 1.2 x 104 1
6 79 0 0
C 1 1 2 .0  x 104 1
2 13 1.2 x 105 6
3 20 3 .7  x 104 9
The table shows the course of intravaginal infection in three 
different mice: A,B, and C. The number of trichomonads observed 
in wet smears taken on the days post-infection indicated is given
as the mean number in 5 fields. ________________
F s t i. m a t i o n c f j n i. t i ? 1. n u m b e r in cultu r c b y e x t r a p o 1 a t i o n o f c e 1 1
numbers present dur i ng log phase grov;th.
as revealed by p o s it ive  c u ltu res . The two wash-outs p o s it iv e  fo r
proteinase a c t iv i t y  were from mice with usually  high in fe c t io n s ,  many 
trichomonads being observed in wet smears o f the vaginal wash-out.
3 .1 .4 .  I n v e s t i g a t i o n  o f  th e  M ethods used t o  D e te r m in e  th e  
S e n s i t iv i t y  o f Trichomonads to Metronidazole  
Trichomonas  l in e s  IR 78 , F a l l  R iv e r ,  Boston and A lb an y , a l l
reported to  be m etro n id azo le -res is tan t is o la te s ,  were tes ted  in v i t r o  
fo r  metronidazole s e n s i t i v i t y .  The minimum le th a l  concentrations (MLC) 
obtained were somewhat lower than those reported by previous authors 
(Table 14).  I t  was thought th a t  th is  may be due to  methodological 
d if fe re n c e s ,  and hence v a r ia t io n s  on the o r ig in a l  method were te s te d .  
In p a r t ic u la r  i t  was thought th a t  the high leve ls  o f ascorbate in MDM 
could be a f f e c t i n g  th e  s e n s i t i v i t y  to  th e  d ru g , e s p e c i a l l y  as 
resis tance is dependent upon the presence of 02* L i t t l e  d if fe re n c e  in 
th e  s e n s i t i v i t y  to  m e tro n id a z o le  was found using any o f  th ese  
v a r ia t io n s .  Nevertheless, the methods used demonstrated d iffe ren ces  in 
s e n s i t iv i t y  to  th is  drug of s en s it iv e  and ' r e s is t a n t '  l in es  and was 
subsequently used to  study fresh iso la tes  (Section 3 . 4 . 1 ) .
The resu lts  (Table 14) in d ica te  th a t  T. vagina l is  Boston is  no
longer re s is ta n t  to  metronidazole but has a s im i la r  s e n s i t i v i t y  as T.
vagina l is  G3.
3 .2 .  COMPARISON OF BEHAVIOUR OF FRESH ISOLATES OF T. vag ina l is  IN THE 
EXPERIMENTAL MODELS
70 fresh iso la tes  were co llec ted  from Glasgow Royal In f irm ary  
Department of G en ito -u rinary  Medicine, over a period o f one year  
(November 1983 -  November 1 9 8 4 ) .  Of th e s e ,  23 proved v ia b l e  and 
usable. Some information on the c l in ic a l  symptoms r e la t in g  to each 
is o la te  was obtained, un fortunate ly  i t  proved impossible to use th is  
in any meaningful way as the records were fragmentary and incomplete.
133
Ta
bl
e 
14
. 
M
et
ro
ni
da
zo
le
 
S
en
si
ti
vi
ty
 
of 
Is
ol
at
es
 
in 
vi
tr
o 
in 
D
if
fe
re
n
t 
M
ed
ia
m
ooCTi
134
MD
M-
AS
CO
RB
AT
E,
 
m
od
ifi
ed
 
Di
am
on
d'
s 
me
di
um
 
w
ith
ou
t 
ad
di
tio
n 
of 
as
co
rb
at
e
o cn CL O P^
(T> r+ CD CD CD
c; Oj < —<<<
CD =3 —>• •CL oj cn*3 Oj r+ *  • OJP -5 —<•
c+ CL o o
H- 3 r+
o O-
P CD <  —i.
- h 
3 -5CD
3*
CD
a -
H-
3
OJ
r+—i.
o
u
3
-+
cn
£=
r+
3
0
(D 3 O in c
Cfl c 3
O  
—h
3 Oj
-5
1/1
g -h  =3 CD -h
0) o CLCO 0P C CD 3
P -5 -O ft) < .
, —<• 3 CD CD
7 1 =3 CL
3 in
a. cd —<•
cn CD 3 —j. O
■a r+ 3 3
O CD3 CL c <
o
ch->
C t
c
3
CD
CO
CO
c
..cr 
o 
_ c
c t
P
3
CD
O
C
CO
■ D-fli 3  O  
CD r+ —1
=  CD r+ C
- i  w  3  
_  3  CD Q- -j . in 
CD Z3 O  
£- OJ ^  <-t-
CD r+ o-5 —i.cO w 
3  O  * -»
2 *  ^  s
X' Q- **
§ - q-tn
CO rn C5
3
OJ
3
OJ
r+
CD
> * 3°  T
S ^  c r
£ o
. n 'C  —,Ij : cd (/>
Sh
<  CD 
O  CL
< 3
o
3
H*
d-
cr
H-
3
CD
a
CD
0
CD
3
CT
0
X
V-J
0)
Cfl
CD
09 ^  Q. 3 3Qj
*3
O
-v
w 3  H i
< r 3  ^ Ocf
tr 0
r
•s^“0
OJc+
— u
g 3  3  (Q 0
s:
3"
B Un • r+ “ *•
CD
P
y- ■O CD 
3  - j.
O
3 -
3 p O 3
M r + '_' r+
C- CD 13r-v
H
C/3
3 O
? I p
3"
O
3
O f O3
3  2CD — OJCL
n p » in inVJ
3
s.
x
c
— 1 r+ 3"T) r+- 3- OJ
U) in CD CL
E3 POj 3 OJ
(.j. (/>3  CD 3
O J5CD OJ 3 CDCD r+ “+>
• 3 -  oj —h
CD 3 CDJ> C l n
N 3 r+
0 CD onOj r+ O
P3  Qj 3C-i on 3
r dard
and
HeLa
fa
3^
Cr
Q
~Q o  • "3
=r Q 
O O 
3  =r
r - .  o
3  3  
C  
(/> 3
(D
ft-
c:
Co
OJcn
po
<
-n O J c r ic n c n c r ic n c D
M 0 0 1 N C n U ) i - ‘ -5
cn
co
u io~nh h C O Z  
no po ^  oj 
cn oo "O cn — 
4^ -O 00 U1 CD
4* 
cn
CTi CO cn 4» 4» 
*—* oj cn cn cn
;3
■<
Q
CO
r>*.
o
Q
Co
OJ CD 
VO OJ
ro  »—» 
cn co
cn "o
i 1+1+ i
no no
no h—*
i i i i i
Od 4  ^ -p» no v io jn o c n
o o c o o o c o c o n o c n o j  
co co cn cn c o —i c o c o o  
i 1+ 1+ 1+ 1+ 1+ 1+ 1+ 1+ 1 + 
ro t-* i—*t—*i—*►—* 4 ^ o jn o  
4 i  4^ H* N l 00 OJ OJ H
OOvicnM(X)CTivlOOvivl
n o o o c n o o o O o o c n i - * c n
oo i o  I I I + I+ I + I +  i |+  i 1+1+1+1+1+1+1+1+1+1 + o
o  cn cn 4 *  
cn cn cn cn
-c*
o
t—» o  cn o  o  Oo 4^  o  > cn 
c n c n o c n o o c n c n o c n
i i—‘ co cn i co o  i—* i o o —i oo^o o i cn cn t -  no cn no t— co ^ I ^ J ^ J O O O O O O
i i i i i i i
no 
o  
cn o
ro  no no no 
i—* o  o  o  o  o  o  o  o  o  I
no no o o i o o
CncnW4»i-'4i4>W004^4^4>
0003"0cn(0vi0>4»000jc0
ootncncnno4i4s0ono(nno4»
I + I + I + I + I + I + I + I + I + I + I + I  +
>— * •— *r\)cnainoui4>Nicn4^ui04>
o c o c n c n c n o c n o o n o i —*c n c n
c n a i o o c n c o 4 ^ 0 J 4 » c n c n 4 ^ 0  
cr>i—* c o c n ' '- jc o r o v o c o O h - > n o  
I + I + I + I + I + I + I + I + I + I + I + I  +  
n o n o c o t—‘ i—* no no i—* i—• i—* i—1 i—* 
cnoj'vjt-*ooNj4^'siCTi'4t-‘ cn
no no o  h  o  ►—»i—* o  i—* i— i—*
4^ CO 03 CO CO ^ t n 0 0 0 4 » H
c n  r o  c n  - o  41 c n  - o  4 ^  c n  o
cn  u i  w  c n  o  c n  n i  c n  o  c n  n j
I + I + I + I + I + i I+ I+ I+ I+ I+ I  + 
o o o o o  o o o o o o
W O i m COm  a t  ro W  U) -O 4>
o  id  cn od -C> cn w  w  4.
o o o o o n o n o  co 4s» oo o  no cn
LT)
O
3> —Im
1 CD —1 CD1—1 m
1 -^---N 3  z
1 3 * m  m
1 O 70
1 C r - .  3 >
1 3 3  —1
1 in t—t
1 --—' ^  0
r - .  Z
3 -
3
O
O  OO
PO C=
1 O  0 0
1 3 - s :  0
1 O —1 cz
i c 3 :  —1
1 3 3>
1 m •—1 z
l -—^ z  m
1 OJ 0
2  c=t—t co
O
m
1 3> o\° CD •—11 ~n PO z1 —1 *-H 0  —11 m  z s :  to1 70 -n —1 3>1 m zc <
1 ^ 0  0
1 —1 >—H CO1 0  m Z  '
1 a z
1 -< 2:  >1 00 •—• r~1 ^ 0
m
! ^
1 2  0 2  m
1 1—* m 3 >  n1 2  1— 2  ™n1 •— 1 r~ 2  m1 2 3 >  0
1 CP r— r ~  — 1
1 3Z — < 1—i
l 2 ; 3 >  O
1 70 m z  z
3> co 
—lt—i
o
no
3> "O 
o  PO—i o
-< 3>
CO
o o
—i ♦
I—I o  
<  •>—I o  —I •
-< CL
1 3 5
Table 
15 
. 
Summary 
of 
C
haracteristics 
of 
D
ifferent 
Trichom
onads 
and 
T. 
vaginalis 
Lines
3 .2 .1 .  In v i t r o  Growth Kinetics
Im m ed ia te ly  a f t e r  c o l l e c t i o n  from th e  h o s p i t a l ,  each sample  
o b ta in e d  was subpassaged in to  f re s h  MDM and i t s  growth k in e t i c s  
monitored. In p a r t ic u la r  the apparent doubling time o f the c e l ls  in  
log phase of growth was determined. The resu lts  obtained are shown in 
Table 15. The samples shown represent the range from those studied .
3 .2 .2 .  V iru lence as Determined Using the In V i t ro  and In Vivo Models
3 .2 .2 .1 .  E ffe c t  on Mammalian Cell Lines
The e f fe c t  o f several iso la te s  on myeloma c e l ls  and on Hela c e l ls  
was te s te d . The resu lts  of one experiment using Hela c e l ls  are shown 
in Table 16. This is representa tive  o f the many experiments c a rr ie d  
out. The re su lts  suggest th a t  there  are large  d iffe ren ces  in the  
cytopathogenic ity  of d i f fe r e n t  is o la te s .  At one extreme, T. foe tus  F2 
had no apparent e f fe c t  on the mammalian c e l ls  except a t a r a t io  o f  
1 :1 ,  a t  which d e n s i ty  T. f o e t u s  F2 in m onocu ltu re  in  EMEM a ls o  
overgrew. Is o la te  T. vagina l is  45 also had no e f fe c t  a t any o f the  
ra t io s  tested  whereas T. vagina l is  l in es  6950 Male, 45733, 2755 and 39 
had a cyto tox ic  e f fe c t  even at as low a r a t io  o f 200 /1 ,  mammalian 
cells /tr ichm onads.
Further experiments were c a rr ie d  out, and the minimum r a t io  o f  
trichomonads to mammalian c e l ls  at which the trichomonads produced a 
c yto tox ic  e f fe c t  on the mammalian c e l ls  was determined (Table 17 ) .
3 .2 . 2 .2 .  Growth o f Subcutaneous Lesions
B efore  c u l tu r e s  o f  new is o la t e s  c o l le c t e d  from th e  Royal
In f irm ary  had been sub-passaged fo r  the th i r d  tim e, they were in jec ted
a
subcutneously in to  the flanks of Balb/c mice and the ra te  o f growth of  
the lesions they produced was measured. The growth o f the fa s te s t  and 
slowest growing lesions is shown in Figure 14. The fa s te s t  growing
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Table 17. E ffec t of Trichomonad Lines on Mammalian C ells
ISOLATE
MAMMALIAN 
CELL TYPE
MINIMUM DENSITY AT 
WHICH TRICHOMONADS 
OVERGREW WHEN IN 
MONOCULTURE (a)
MINIMUM RATIO OF 
MAMMALIAN CELLS: 
TRICHOMONADS WHICH 
HAD AN EFFECT
n
G3 MYELOMA 2.5  x 105 (2 :1 ) 5:1 2
HELA 5.0  x 103 (200:1) <200:1 3
F2 MYELOMA N.E. N.E. 2
HELA 106 (1 :1 ) N.E. 2
39 HELA 2.0  x 104 (50:1 ) 200:1 2
39 in v i t r o MYELOMA 2.5  x 105 (2 :1 ) 5:1 2
HELA 2 .0  x 104 (50:1 ) 200:1 1
39 in vivo MYELOMA 2 .5  x 105 (2 :1 ) 10:1 2
HELA 5 .0  x 104 (20 :1 ) 50:1 3
6950 Male MYELOMA 2 .5  x 105 (2 :1 ) 10:1 2
HELA 4 .0  x 104 (25 :1 ) 200:1 2
45733 MYELOMA N.E N.E. 2
HELA 2 .0  x 104 (50:1 ) 200:1 2
P.hominis HELA N.E. N.E. 1
64 HELA <4.0  x 104 (<25:1) 200:1 2
61 HELA <2.0  x 104 (<50:1) 200:1 1
2755 HELA <4.0  x 104 (<25:1) 200:1 1
2755 in vivo HELA <2.0  x 104 (<50:1) 200:1 2
45 HELA N.E. N.E. 2
IR78 HELA <2.0  x 105 (<5:1) 10:1 1
Fa ll  R iver HELA <2.0  x 105 (<5:1) 5:1 1
The experiments were performed in m u lt iw e ll  p la te s .  Key: 
( a ) ,  the r a t io  th is  would give in mixed c u ltu re  is given in 
p aren th eses ; < , t h is  is  low est r a t i o  observed a t  which  
trichomonads grew although lower dens it ies  were not tested;  
N.E, no e f fe c t  observed/no growth of trichomonads; n, number 
of experiments performed.
All isolates were T_. va.£inalis except ior 
foetus) and ?. hoininis.
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Figure 14. Growth o f  Subcutaneous Abscesses caused by V arious  
Trichomonad Iso la tes
Groups o f 3 B alb /c , female mice, aged 2 months were used 
and th e  m e a n s ^ o f le s ' io n  vo lum es p l o t t e d .  Key: # ,
T. vagina l is  61; O ,  T. vagina l is  G3; ■ ,  P. hominis;  □ ,
7V foetus  F2; A ,  T. vagina l is  45733; A ,  T. vagina l is  
IR78.
LO
G1
0 
LE
SIO
N 
VO
LU
ME
 
(m
m3
)
2.0 -
1.5-
1.0 -
0.5-
50 100 150
T I M E  P. I. ( h )
139
lesions were produced by T. vaginal is  61, other T. vagina l is  iso la te s
grew at an interm ediate  ra te  and the slowest growing lesions were
produced by P. hominis and T. foetus  F2. The resu lts  fo r  the iso la te s  
tested are summarised in Table 15. This shows the time to  reach 50mm^, 
a v a lu e  chosen as most le s io n s  reached t h is  volume and y e t  none 
ruptured at a lower volume. The resu lts  show th a t  there  were f a i r l y  
large d iffe ren ces  in the rates at which subcutaneous abscesses were 
produced by d i f fe r e n t  T. vaginal is  is o la te s .
3 .2 . 2 .3 .  Growth of Iso la tes  In t ra v a g in a l ly  in Mice
As well as being inoculated in to  mice subcutaneously, s im i la r ly  
fresh iso la te s  were also inoculated in t ra v a g in a l ly  in to  Balb/c mice 
using the standard protocol fo r  in travag in a l in fe c t io n s .  The re su lts  
are given in Table 18. Again there  were large d iffe rences  between the  
iso la tes  with respect to the proportion of mice th a t  became in fec ted
and how long the mice remained in fe c ted . For example, is o la te  T.
vagina l is  66 in fected  84% o f mice i n i t i a l l y ,  67% were s t i l l  in fected  
a f t e r  28 days and at leas t one mouse remained in fected  fo r  a t le a s t  63 
days. In co n tras t ,  iso la tes  64 and 45733 fa i le d  to  in fe c t  any mice fo r  
as long as 3 days.
3 .2 .3 .  Resistance to Metronidazole
Is o la t e s  o f  T. v a g i n a l i s  from p a t ie n ts  were sen t to  our  
laboratory  by c l in ic ia n s  from around B r i ta in ,  these were samples from 
p a tien ts  su ffe r in g  from trichom oniasis, who had proved d i f f i c u l t  to  
cure with the standard metronidazole treatm ent. The paras ites  were 
sub-passaged s e r ia l ly  in MDM with a n t ib io t ic s  u n t i l  an axenic c u ltu re  
was obtained and the s e n s i t iv i t y  of th is  to metronidazole in v i t r o  was 
then measured as soon as possible. T. vaginal is  l in es  IR78 and G3 were 
used as the standard ' r e s is ta n t '  and 's e n s i t iv e '  l in es  fo r  comparative
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Table 18. Growth of Trichomonad Lines Intravaginally in Mice
LINE _
NO. OF 
 ^ MICE 
USED
% STILL INFECTED AFTER: MAXIMUM 
NO. DAYS 
INFECTED3 DAYS 7 DAYS 14 DAYS 28 DAYS
T vaginalis 
G3 6 30 30 0 0 10
39 10 50 10 0 0 9
45 10 50 20 0 0 7
46 12 58 58 58 25 55
51 6 50 17 17 17 33
55 10 50 20 0 0 7
61 12 34 17 17 8 52
63 6 100 100 0 0 7
64 6 0 0 0 0 0
65 6 30 30 0 0 8
66 6 84 67 50 67 63
6950 Male 6 67 67 67 17 56
45733 5 0 0 0 0 0
2755 6 0 67 67 50 30
36130 6 30 30 30 0 14
T. foetus 6 17 17 0 0 7
P.hominis 6 0 0 0 0 0
Groups o f Balb/c female mice aged approximately 2 .5  months 
were used. 1
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purposes. The resu lts  are summarized in Table 19. The resu lts  show 
th a t  under a e ro b ic  c o n d it io n s  tw e lv e  o f  th e  is o la t e s  were les s  
sen s it iv e  to metronidazole than our laboratory  s t r a in ,  T. vagina l is  
G3, and th a t  nine were as re s is ta n tra s  the standard re s is ta n t  s t r a in ,  
T. vagina l is  IR78. Drug- resistance was not apparent under anaerobic 
co n d it io n s .
3 .2 .4 .  Biochemical D ifferences between Fresh Iso la tes
Fresh is o la t e s  were te s te d  b io c h e m ic a l ly  f o r  o r n i t h i n e  
decarboxylase a c t iv i t y  by Dr M. North o f S t i r l in g  U n iv e rs ity ,  using 
published methods (North et  a l . ,  1986). The proteinase a c t iv i t y  o f  
fresh iso la te s  was also measured at S t i r l in g  U n ivers ity  by Miss B. 
Lockwood also using published methods (Lockwood e t  a l . ,  1987). The 
resu lts  are shown in Table 15.
3 .3 .  THE EFFECTS OF PROLONGED IN VITRO AND IN VIVO SUBPASSAGE AND 
CRYOPRESERVATION ON TRICHOMONAD BEHAVIOUR IN THE EXPERIMENTAL 
MODELS
3 .3 .1 .  Growth Rate in v i t r o
One i s o l a t e  o f  T. v a g i n a l i s  was c o n t in u a l l y  sub-passaged  
in t ra v a g in a l ly  in mice fo r  6 months and also c o n tin u a lly  sub-passaged 
in v i t r o  over the same period. Subsequently, the apparent generation  
time fo r  growth axen ica lly  in v i t r o  fo r  the two cu ltures  were again  
determined. I t  was found th a t  there  was no s ig n if ic a n t  d if fe re n c e  
between the generation time o f the o r ig in a l  l in e  and those o f the  
l ines  sub-passaged fo r  6 months e i th e r  in v i t r o  or in vivo  (Table 2 0 ) .
3 .3 .2 .  In te rac t io n  in v i t r o  w ith Mammalian Cell Lines
T. v a g i n a l i s  39 and T. v a g i n a l i s  2755 were te s te d  f o r  t h e i r  
e ffe c ts  against mammalian c e l ls  soon a f te r  being obtained. The re su lts  
are summarized in Table 21. T. vaginal is  39 was tested  again a f t e r
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Table 19. Metronidazole-Sensitivity of Trichomonas vag in a lis  Isolates
MLC
( ^ g m i )
AEROBIC ANAEROBIC
ISOLATES G3 IR78 ISOLATES G3 IR78
<100 0 0 0 0 0 0
100 0 0 2 0 0 0
50/100 1 0 2 0 0 0
50 2 0 11 0 0 0
25/50 2 0 3 0 0 0
25 4 0 4 0 0 0
10/25 1 0 0 0 0 3
10 0 0 0 0 0 0
5/10 2 0 0 0 0 0
5 5 12 0 4 5 2
2/5 1 1 0 0 0 0
2 2 1 0 3 0 2
1/2 1 0 0 2 0 0
1 1 8 0 13 17 15
Total numbers : 22 22 22 22 22 22
• *  % re s is ta n t : 55 - 100 0 - 14
«
, % re s is ta n t  -  res is tance  defined as iso la tes  having 
a h ig h e r  MLC than th e  s ta n d ard  s e n s i t i v e  s t r a i n ,
T. v a g i n a l i s  G3. Experim ents were perform ed in  th e
w ells  of m ultiw ell  p la te s .
Each of the isolates was tested along with the T_.. vaginalis G3
and T_._ vaginalis IP 73 for comparison.
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Table 20. The E ffec ts  o f  Prolonged in v i t r o  and in vivo  Sub-passage on 
Trichomonad Generation Time
ISOLATE GENERATION TIME (HOURS)
T. vagina l is  39 15.9 ±  3 .3
T. vagina l is  39 in v i t r o 17.1 + 1 .8
T. vagina l is  39 in vivo 18.3 + 2 .4
Is o la te  39 in v i t r o  had been sub-passaged in v i t r o  fo r  7 
months, is o la te  39 in vivo had been sub-passaged in vivo 
in t ra v a g in a l ly  in mice fo r  7 months and T. vagina l is  39 was 
f re s h ly  iso la ted  from the p a t ien t  and had not been sub­
passaged more than th r e e  t im e s .  A s tu d e n ts  t  t e s t  was 
performed and i t  was found th a t  the mean generation times 
were not s ig n i f ic a n t ly  d i f f e r e n t .  ( n=3 j mean ± 5 . ^
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being sub-passaged in v i t r o  fo r  9 months ( l i n e  39 in v i t r o )  and also  
a f t e r  being sub-passaged in t ra v a g in a l ly  in mice fo r  7 months ( l in e  39 
in v i v o ) .  T. vaginal is  2755 was s im i la r ly  tested  a f t e r  being sub­
passaged in vivo fo r  6 months. The re su lts  (Table 21) suggest th a t  in 
v i t r o  but not in vivo sub-passage of th is  l in e  of T. vagina l is  reduced 
i t s  cytopathogenic ity  towards Hela c e l ls  in the in v i t r o  te s t  used. T. 
vagina l is  2755, however, appeared to be unaffected in th is  way.
3 .3 .3 .  The Production o f Subcutaneous Abscesses in Mice
T. vagina l is  39 which had been sub-passaged in t ra v a g in a l ly  in 
mice fo r  8 months produced lesions which i n i t i a l l y  grew more ra p id ly  
than the lesions produced by the f re s h ly  iso la te d  T. vagina l is  39 
(Figure 15) although lesion growth slowed down more qu ickly  a f t e r  the  
f i r s t  day p o s t - in fe c t io n .  T. vagina l is  39 in v i t r o  behaved s im i la r ly  
to T. vagina l is  39 in v i v o , in d ica t in g  th a t  the change was not due to  
adaptation to  mice. Four iso la te s  were in jec ted  subcutaneously and 
lesion growth monitored at various in te r v a ls .  Between experiments a l l  
trichomonad lines  were sub-passaged in v i t r o  except fo r  T. vagina l is  
39 in vivo which was sub-passaged in t ra v a g in a l ly  in mice. The re su lts  
are  summarized in  F ig u re  16. There was a re as o n a b le  amount o f  
v a r ia t io n  in lesion growth ra te  with time fo r  a l l  four is o la te s ,  
although in general growth ra te  appeared to  become more rapid  with  
tim e.
3 .3 .4 .  Growth In t ra v a g in a l ly  in Mice
The r e l a t i v e  i n f e c t i v i t y  to  mice o f  fo u r  l in e s  v ia  th e  
in travag in a l route a f t e r  various periods o f in v i t r o  and in vivo  sub­
passage were measured. The re su lts  are given in Tables 22, 23, 24, 25 
and Figure 17.
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Table 21. In te ra c t io n  o f Sub-passaged Iso la tes  w ith  Mammalian Cell 
Lines in v i t r o
ISOLATE MINIMUM
(a)
DENSITY MINIMUM
(b)
RATIO n
(c)
39 4 x 104 (50:1) 200 1 2
39 in v i t r o 4 x 104 (50:1) 200 1 1
39 in vivo 105 (20:1) 50 1 3
2755 8 x 104 (25:1 ) 200 1 1
2755 in vivo 4 x 104 (50:1 ) 200 1 2
Key: 39 , T. v a g i n a l i s  39 ,  f re s h  i s o la t e ;  39 in v i t r o , 
Trichomonas vagina l is  39 a f t e r  9 months sub-passaging in 
v i t r o ; 39 in v i v o , T. v a g i n a l i s  39 a f t e r  sub-passag ing  
in t ra v a g in a l ly  between mice fo r  7 months; 2755, T. vag ina l i s  
2755, fresh is o la te ;  2755 in v i v o , T. vagina l is  2755 a f t e r  
being sub-passaged in t ra v a g in a l ly  between mice fo r  6 months; 
( a ) ,  minimum d e n s i ty  a t  which tr ichom onads grew in  
m o n o cu ltu re , r a t i o  o f  Hela  cel 1s /tr ic h o m o n ad s  t h i s  
corresponds to  is given in parentheses; ( b ) , minimum r a t io  
of Hela cel 1s/trichomonads at which cytopathogenic ity  was 
observed; ( c ) , n represents the number o f each experiment 
performed.
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«s
Figure 15. The P roduction  o f  Subcutaneous Abscess^in  Mice by T. 
v-aginalis 39 a f te r  in v i t r o  and in vivo Subpassage 
K ey:#—  , T. vaginal is  39, fresh is o la t e ; # -  - , T. vagina l is  
39 in v ivo , T. vaginal is  39 a f t e r  subpassage in t ra v a g in a l ly  
in mice fo r  7 m onths;(>- , T. vaginal is  39 in v i t r o , T. 
vaginal is  39 a f t r  subpassage in v i t r o  fo r  9 months. The mean 
(+ S .D.) volume of 3 lesions is  shown.
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Figure 16. V ar ia t io n  in Growth of Subcutaneous Abscesses w ith Time
Key: ■ ,  T. vaginal is  6950 Male; □ ,  T. vagina l is  IR78.
These trichomonad lines  were subpassaged in v i t r o  between 
e x p e r im e n t s .A ,  T. v a g i n a l i s  39 in v i v o , t h i s  l i n e  was 
subpassaged in tra v a g in a lly  in mice between experiments. The 
means(± S.D.) from groups o f  three mice shown
( T.vaginalis G3 : •  . )
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When T. v a g i n a l i s  39 was sub-passaged in v i t r o  i t  appeared  
gradually  to lose i ts  i n f e c t i v i t y  to mice (Table 2 2 ) ,  whereas the  
i n f e c t i v i t y  of T. vaginal is  39 in vivo remained la rg e ly  unchanged 
(Table 2 3 ) .  T. vaginal is  2755 in v i t r o  and T. vagina l is  6950 Male 
also re ta ined  t h e i r  in f e c t i v i t y  toward mice (Tables 24 and 2 5 ) .  In a l l  
cases, however, the i n f e c t i v i t y  f lu c tu a te d  with tim e.
Figure 18 shows the change in ra te  o f i n f e c t i v i t y  w ith time o f  
the three  iso la tes  th a t  were sub-passagecj in v i v o . There appeared to  
be a c o rre la t io n  between the v a r ia t io n  th a t  occured with the three  
is o la te s .
3 .3 .5 .  E ffec ts  o f Cryopreservation
Freezing in l iq u id  n itrogen in the presence o f the cryoprotectant  
dimethylsulphoxide (DMSO) at 5% appeared to  have no e f fe c t  on the  
b e h av io u r  o f  the  i s o la t e s  in any o f  th e  models used and was, 
th e re fo re ,  used as the standard method o f s to ring  fresh is o la te s .
3 .4 .  METRONIDAZOLE SENSITIVITY OF TRICH0M0NADS
3 .4 .1 .  The S e n s i t i v i t y  o f  New Is o la t e s  o f  T. v a g i n a l i s  to  
Metronidazole in v i t r o  
The m e tro n id a z o le  s e n s i t i v i t y  o f  many o f  th e  new i s o la t e s  
co llec ted  was measured s h o rt ly  a f t e r  is o la t io n  (Table 19 ) .  Many o f  
these were found to  be r e la t i v e ly  re s is ta n t  to  metronidazole and the  
is o la te  T. vagina l is  2755 had a minimum le th a l  concentration (MLC) o f  
50ugml“ * under aerobic conditions, which is comparable to  th a t  o f the  
stan d ard  r e s i s t a n t  s t r a in  IR 7 8 . This  i s o l a t e  in f e c t e d  mice  
in tra vag in a l ly  and was sub-passaged in th is  way so th a t  i t  could be 
used fo r  fu r th e r  in vivo studies on m e tro n id a z o le -s e n s it iv i ty .
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Table 22. Variation with Time of Intravaginal In fe c t iv i ty  of
T. vag ina l is  39 Sub-passaged in v i t r o
WEEKS
POST­
ISOLATION
NUMBER
OF
MICE 3
%
DAYS
MICE INFECTED AFTER:
7 DAYS 14 DAY 28 DAYS
MAXIMUM3 
NUMBER OF 
DAYS INFECTED
0 14 50 43 28 21 65
8 6 50 50 33 17 37
15 6 33 17 17 0 19
20 6 0 0 0 0 0
28 6 50 50 33 17 46
34 6 17 17 0 0 7
38 6 67 67 0 0 7
43 6 0 0 0 0 0
63 6 17 0 0 0 3
a, at  
days
le a s t  one mouse remained in fec ted  fo r th is number o f
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Table 23. V a r ia t io n  w ith  Time o f  In t r a v a g in a l  I n f e c t i v i t y  o f
T. vaginal is  39 Sub-passaged in vivo
WEEKS
POST­
ISOLATION
NUMBER
OF
MICE
% MICE INFECTED AFTER: MAXIMUM3 
NUMBER OF 
DAYS INFECTED3 DAYS 7 DAYS 14 DAY 28 DAYS
0 14 50 43 28 21 65
1 17 76 59 53 53 92
3 9 22 22 22 0 20
8 6 17 17 17 33 37
11 6 50 50 50 50 33
15 6 50 33 33 33 52
19 6 17 17 17 17 32
22 6 33 33 33 33 40
28 6 67 67 33 17 46
31 6 0 0 0 0 0
47 6 . 33 33 17 17 38
35 15 53 27 13 7 45
39 5 40 20 20 20 45
44 5 0 0 0 0 0
54 5 40 0 0 0 3
58 5 80 80 80 0 60
62 6 0 0 0 0 0
64 6 83 67 50 0 14
67 6 50 50 50 50 65
75 6 0 0 17 0 14
77 5 100 100 60 60 69
80 6 83 83 17 0 14
88 5 20 0 0 0 7
96 5 0 0 0 0 0
108 5 40 40 40 40 65
112 5 80 60 20 0 14
120 5 20 20 20 0 ' 14
a, at leas t one mouse remained in fected  fo r th is number of days
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Table 24. Variation with Time of Intravaginal In fe c t iv i ty  of
T .vag ina l is  2755 Sub-passaged in vivo
WEEKS NUMBER % MICE INFECTED AFTER: MAXIMUM3
POST- OF ---------------------------------------------------------------  NUMBER OF
ISOLATION MICE 3 DAYS 7 DAYS 14 DAY 28 DAYS DAYS INFECTED
0 6 0 67 67 50 130
3 5 60 60 60 60 80
7 5 0 20 0 0 7
11 6 67 67 50 67 52
21 5 100 100 60 60 69
24 6 50 50 0 0 7
26 6 67 67 67 33 65
32 6 50 50 33 17 35
40 5 40 20 0 0 7
51 5 40 40 40 20 65
55 5 60 60 60 40 68
62 5 40 20 20 20 36
a, at  
davs
leas t one mouse remained in fected fo r  th is number o1
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Table 25. Variation with Time of Intravaginal in fe c t iv i ty  of
T. vag ina l is  6950 Male Sub-passaged in vivo
WEEKS3
POST­
ISOLATION
NUMBER
OF
MICE
%
3 DAYS
MICE INFECTED AFTER:
7 DAYS 14 DAY 28 DAYS
MAXIMUM15 
NUMBER OF 
DAYS INFECTED
0 6 67 67 67 17 56
32 10 90 90 90 90 125
34 10 0 0 0 0 0
35 5 67 67 67 33 65
40 6 17 17 0 0 7
43 8 13 13 13 0 14
50 5 20 20 20 0 14
53 5 60 60 40 20 35
67 5 100 100 60 40 36
a, T. vagina l is  6950 Male was not obtained d i r e c t ly  from a
p a t ie n t  but had previously  been sub-passaged in mice a t  the  
Wellcome L a b o r a to r ie s ;  b , a t  l e a s t  one mouse was s t i l l  
in fected  a f t e r  th is  number o f days.
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Figure 17. V a r ia t io n  w ith  Time o f  In t r a v a g in a l  I n f e c t i v i t y  o f  T. 
vagina l is  39 Subpassaged in v i t r o  and in vivo 
K e y : # - - ,  T. v a g i n a l i s  39 subpassaged in v i t r o  between  
in travag in a l in f e c t io n s ; # —  , T. vaginal is  39 subpassaged 
in t ra v a g in a l ly  in mice.
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Figure 18. V a r ia t io n  w i th  Time o f  In t r a v a g in a l  I n f e c t i v i t y  o f  
Trichomonad Lines Subpassaged in vivo
K ey:#— , T. vagina l is  2755 in v i v o ; # - - - ,  T. vagina l is  6950 
M a le ;# — , T. vagina l is  39 in v ivo,n=S '.
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3 .4 .2 .  The E ffe c t  of Metronidazole on the Production o f Subcutaneous
Abscesses by T. vaginal is
Groups o f Balb/c mice were inoculated subcutaneously in the f la n k  
with 105 T. vagina l is  G3 and T. vagina l is  IR78 c e l l s .  Each mouse was 
then t r e a t e d  w ith  th re e  i n t r a p e r i t o n e a l  doses o f  0 ,  15 o r  lOOmg 
metronidazole kg body weight- * per dose. Doses were administered at 2, 
18 and 24 hours p o s t - i n f e c t i o n ,  as in  th e  schedu le  used by 
Meingassner, 1977. Results are shown in Figure 19. No lesions appeared 
in any o f the mice which had been in fec ted  with T. vagi na l i s  G3 and 
t re a ted  with metronidazole. Lesion growth was slowed in T. vag ina l i s  
IR 7 8 - in f e c t e d  mice which had been t r e a t e d  w ith  m e tro n id a z o le  a t  
15mgkg- * ,  whereas when lOOmgkg- * per dose was given to  T. vag ina l i s  
IR 7 8 - in f e c t e d  mice le s io n s  d id  not appear u n t i l  6 days a f t e r  
in fe c t io n .  Once they appeared, however, they grew a t the normal ra te .
Further experiments were carr ied  out with various is o la te s  to  
determine the e f fe c ts  o f higher and lower drug doses, and t h e i r  route  
and time of ad m in is tra t io n . The re su lts  are summarized in Table 26. As 
can be seen from the re su lts  fo r  T. vagina l is  G3, the e f fe c ts  o f  
m e tro n id a z o le  were somewhat v a r i a b l e ,  e s p e c i a l l y  when i t  was 
administered o r a l ly .  Administering the drug in three  doses in the  
f i r s t  24 hours appeared to  be more e f fe c t iv e  than g iv ing  a s in g le  dose 
and in th is  case the in tra p e r i to n e a l  route gave the most convincing  
re s u l ts .  Occasionally no e f fe c t  on lesion growth was observed even 
when very high doses o f metronidazole were adm inistered. The drug 
doses, however, caused changes in the conditions in the gut including  
qu ite  severe d iarrhoea. I t  is  probable th a t  th is  in te r fe re d  with  
a b s o rp t io n  o f th e  drug . The r e s u l t s  f o r  T. v a g i n a l i s  IR 7 8 ,  T. 
vagina l is  2755 in v i v o , T. vagina l is  6950 Male, and T. vag ina l i s  39 in 
vivo showed s im i la r  patterns but a l l  were r e la t i v e l y  in co n s is ten t.
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>Figure 19. The E f f e c t  o f  M e tro n id a z o le  upon Subcutaneous Abscess 
Production by T. vagina l is
K e y :# —  , T. vagina l is  G3 c o n tro l;  ■ ,  T. vaginal is  G3, 
15mgkg~* (3 doses) and lOOmgkg-  ^ (3 d o s e s );0 — J • vaginal is  
IR78 c o n t r o l ; # - - ,  T. vag i na l i s  IR78, 15mgkg- * (3 doses); 
O —, T. vagina l is  IR78, lOOmgkg- * (3 doses).
Means ( is.D.) of groups of three mice
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Table 26. Effect of Metronidazole on Subcutaneous Lesion Growth
ROUTE TOTAL DOSE 
(mg kg body 
weight i )
TIMES OF 
ADMINISTRATION 
(hrs post­
in fe c t io n )
G3 IR78
LINE
2755
in
vivo
6950
Male
39
in
vivo
IP 45 2, 18, 24 V I
300 2, 18, 24 V I
45 24 I 0
300 24 V 0
45 48 0 0
300 48 0 0
IP 25 2, 18, 24 I 0 I 0 0
50 IV IV95 0 I I 0 0
100 II 0 I I I 0 I
200 II 0 I I I I 0 0
300 II IV 120 0 I I I 0
ORALLY 45 2, 18, 24 I I I
ORALLY 50 2, 18, 24 I I I
ORALLY 45 2, 18, 24 I 0
150 ii I I I 0
300 n I ' V
450 u I I I V
600 n V V
ORALLY 45 2, 18, 24 0
ORALLY 45 2, 18, 24 0 0 0 0
100 a 0 I 0 0
200 n 0 I I 0 0
300 ii 0 0 0 0
400 u 0 I I 0 0
158
Table 25 (contd .)
ORALLY 50 2, 18, 24 0 IV
100 u 0 V
200 u 0 V
300 k 0 V
ORALLY 50 2 0 0
100 u 0 IV
200 i) 0 0
300 it I IV
ORALLY 50 24 0 IV
100.
ii
0 IV
200 ■ii 0 0
300 n 0 IV
ORLLY 50 48 0 0
100 n 0 0
200 ii 0 0
300 it 0 0
Key: 0 , no e f fe c t ; I , s l ig h t  slowing o f growth; I I , slowing
o f les ion growth; I I I ,  la rge  slowing o f les ion  growth; IVX, 
delay in appearance o f les ion u n t i l  x hours p o s t - in fe c t io n ;  
V, complete absence o f les io n .
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3 .4 .3 .  Treatment of In travag in a l In fec t io n s  o f T. vagina l is  in the  
Mouse with Metronidazole  
Balb/c mice were in fected  in t ra v a g in a l ly  in the usual way and 
subsequently tre a te d  with metronidazole at a range o f doses and by 
various routes o f ad m in is tra t io n . The resu lts  fo r  T. vagina l is  6950 
Male are shown in Table 27. They show th a t  in some cases in fe c t io n  
with T. vagina l is  was t o t a l l y  cured by 50mgkg- ! m etronidazole given  
d a i ly  fo r  5 days a f t e r  in fe c t io n .  S im ila r  re su lts  were found with T. 
vagina l is  39 in vivo (Table 2 8 ) .  The resu lts  fo r  T. vag ina l i s  2755 in 
vivo are shown in Table 29. They show th a t  in fe c t io n  by th is  l in e  of  
the p a ras ite  was not cured as e a r ly  by metronidazole, w ith paras ites  
being found even a f t e r  the drug had been adminstered at 300mg (kg body 
w eig h t)- * .  In te re s t in g ly  adm inistering the drug as in 'g '  and 'h '  
( in t r a v a g in a l ly  at 2, 18 and 24 hours, and in t r a p e r i to n e a l ly  fo r  5 
days plus 2, 18 and 24 hours p o s t- in fe c t io n )  appeared to  produce 
cures. In te rp re ta t io n  of data , however, must be cautious as i t  was not 
possible to  repeat the experiments and i t  was previously  shown th a t  
the in fe c t io n s  were v a r ia b le .  Nevertheless, these are in te re s t in g  
pointers  to  show how d ru g -re s is ta n t  in fec t ions  could be cured.
3 .4 .4 .  Comparison o f Models fo r  Determining Metronidazole S e n s i t iv i t y  
A summary o f the doses o f metronidazole needed to  cure in fe c t io n s  
o f each o f the iso la tes  in the d i f f e r e n t  models is given in Table 30. 
The ta b le  shows th a t  the metronidazole s e n s i t iv i t ie s  o f  the l in es  of  
T. v a g i n a l i s  de term ined  in v i t r o  under a e ro b ic  c o n d i t io n s  a re  
re f le c te d  to an extent by the s u s c e p t ib i l i t ie s  o f the l in e s  in the  
subcutaneous model and p a r t i c u l a r l y  by t h e i r  b e h a v io u r  in  th e  
in tra vag in a l model.
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Table 27. Treatment of Intravaginal Infections of T. vag in a l is  6950
Male with Metronidazole
Total Metronidazole \  % Mice in fec ted  a f t e r  7 days
given \ _________________________________________ _
(kg b .w )"1 0 50 100 150 200 300 400 450 500
a 70 0
b 70 0 0 0
c 17 0 0 0 0 0
d 70 0 0
e 0 0 0 0 0 0
f 50 0 0 0
9 0 0 0 0 0 0
h 60 0 0
Key: a -e ,  metronidazole was given o r a l ly  fo r  5 days s ta r t in g  
day 3 p o s t- in fe c t io n ;  f ,  metronidazole given in t r a p e r i t o -  
n e a l ly  3 times in f i r s t  24 hours; g, metronidazole given 
in t ra v a g in a l ly  3 times in f i r s t  24 hours; h, metronidozole  
given in t r a p e r i to n e a l ly  d a i ly  fo r  5 days a f t e r  2 , 18 and 24 
hour a d m in is tra t io n .
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Table 28. Treatment of Intravaginal Infections of T. v ag ina l is  39 in
vivo with metronidazole
Total Metron i dazol e
\ \ \ \ % Mice in fected  a f t e r  7 days
mg (kg b .w )" 1 0 50 100 150 200 300 400 450 500
a 50 0 0 0
b 20 0 0 0
Key: a, metronidazole given o r a l ly  on days 3 , 4 , 5 , 6 and 7 
p o s t - in fe c t io n ;  b, metronidazole given in t r a p e r i to n e a l ly  on 
days 3 , 4, 5, 6 and 7 p o s t - in fe c t io n .
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Table 29. Treatment of Intravaginal Infections of T. vag ina l is  2755 in
vivo with Metronidazole
Total Metronidazole \  % Mice in fec ted  a f t e r  7 days
\
(kg b.w) 1 0 50 100 150 200 300 400 450
a 70 17 35 35
b 17 17 0 17 0 0
c 35 0 0 70
d 50 17 35 35
e 35 17 0 0
. f 50 0 0 0
g 35 0 0 0 0 0
h 40 0 0 0
Key: a -d , metronidazole given o r a l ly  fo r  5 days s ta r t in g  day 
3 p o s t - in fe c t io n ;  e, metronidazole given in t r a p e r i to n e a l ly  
fo r  5 days s ta r t in g  3 days p o s t- in fe c t io n ;  f ,  metronidazole  
given a t 2, 18 and 24 hours p o s t- in fe c t io n ;  g, metronidazole  
given in t ra v a g in a l ly  at 2, 18 and 24 hours p o s t - in fe c t io n ;  
h, metronidazole given in t r a p e r i to n e a l ly  d a i ly  fo r  5 days 
a f t e r  2, 18 and 24 hour ad m in is tra t io n .
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Table 30. Summary o f  S u s c e p t i b i l i t i e s  o f  Trichomonad L ines to  
Metronidazole in Various Experimental Models
In v i t r o In vivo
T. vagina l is  
1 ine
MLC (>ug m l"*)  
Aerobic Anaerobic
Minimum
Subcutaneous
-1 V*(mg kg b.w. L) 
In travag in a l
SENSITIVE
G3 2 1 4 5 ( ip )
6950 Male 10 1 100( ip ) 50 (po) 100( ip )
39 in vivo 5 1 - 50 ( ip )
RESISTANT
IR78 100/50 5 300( ip )
2755 in vivo 50 2 > 4 00 ( ip ) 400(po)
The resu lts  are rep resen ta tive  o f many experiments.
The in v ivo  r e s u l t s  g iv e  th e  minimum doses r e q u ire d  to  
p r e v e n t  g ro w th  o f  t r ic h o m o n a d s  s u b c u ta n e o u s ly  o r  
in t ra v a g in a l ly .
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3 .5 .  STUDIES ON THE ROLE OF PROTEINASES IN THE PATHOGENICITY OF
Trichomonas vagina l is
3 .5 .1 .  Proteinase A c t iv i t ie s  o f Recent Iso la te s
A range o f recent iso la te s  o f T. vagina l is  were assayed fo r  t h e i r  
to ta l  prote inase a c t i v i t y .  This was performed by Barbara Lockwood at  
S t i r l in g  U n ivers ity  using published procedures (Lockwood et  a l . ,  
1977). The re su lts  are shown in Table 15.
3 .5 .2 .  The E ffe c t  o f the Proteinase In h ib i to r  Leupeptin on the  
C y to to x ic ity  o f  Trichomonas vagina l is
The re su lts  from four experiments to  determine whether leupeptin  
a ffec ted  the in te ra c t io n  between T. vagina l is  G3 and the myeloma c e l ls  
are  summarized in  T a b le  3 1 .  In  th e  c o n tro l  exp erim en ts  in  which  
leupeptin  was not used trichomonads were found to have no e f fe c t  on 
th e  myeloma c e l l s  when a t  r a t i o s  o f  20 :1  and 1 0 :1 ,  mammalian 
cel 1s : tr ic h o m o n a d s . At a 5 :1  r a t i o ,  however, th e  mammalian c e l l  
c u ltu re  was completely destroyed w ith in  26-65 hours, whereas although 
the myeloma c e l ls  were also completely destroyed at the 2:1 r a t io ,  the  
trichomonads in monoculture at the same concentration also overgrew. 
In the presence o f 50ugml~* o f leu peptin , however, the trichomonads 
had an e f fe c t  only when at the 2:1 r a t io ,  and again at th is  density  
the trichomonads in monoculture also overgrew.
To determine whether th is  e f fe c t  could be explained simply in 
terms o f leupeptin in h ib i t in g  the growth o f T. v a g i n a l i s , trichomonads 
were cu ltured  under the same conditions in mixed HOMEM/MDM medium in 
the presence of various concentrations o f leupeptin and t h e i r  growth 
curves monitored. The re su lts  are shown in Figure 20. They show th a t  
no s ig n if ic a n t  in h ib i t io n  of trichomonad growth- occurred under these 
conditions even in the presence of lOOugml- * leupeptin . The ra th e r  
poor growth of T. vaginal is  in a l l  cases is simply a r e f le c t io n  of the  
sub-optimal conditions of c u ltu res .
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Table 31. I n h i b i t i o n  o f  th e  C y t o t o x i c i t y  o f  T. v a g i n a l i s  towards  
Mammalian Cell Lines by Leupeptin
RATIO
MAMMALIAN CELLS 
TRICHOMONADS
CONTROL LEUPEPTIN (50ugml l )
A B C D A B C D
20:1 44 00 44 00 44 00 44 00
10:1 44 00 44 00 40-48 00 44 00
5:1 40-70 26-65 95-97 00 40-45 00 40-45 00
2:1
•ft
71-95 20 70-95 * 00 89-96* 70-75 113-116* 00
This ta b le shows the range o f re su lts  found in 4 separate
experiments. T. vagina l is  G3 was the trichomonad l in e  used. 
Key: A, time point fo r  trichomonads in monoculture to  d ie ;
B, time point fo r  mammalian c e l ls  in mixed c u ltu re  to  d ie ;
C, time point fo r  trichomonads in mixed cu ltu res  to  d ie ;  D, 
time point fo r  mammalian c e l ls  in monoculture to  d ie .
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Figure 20. Growth of T. vag ina l is  in the Presence of Various
Concentrations o f Leupeptin
T. vaginal is  G3 was incubated in a mixture o f  HOMEM/MDM 
medium in 5% CO2 , 95% a i r .  K ey :0—  , c o n tro l ,  no leupeptin
added;#—  , 25/jgml- * leu p e p t in jO  , 50/igml- * leupeptin ;
# - ,  100/jgml- l  leupeptin .
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3 .5 .3 .  The E ffe c t  of Leupeptin on the Production o f Subcutaneous 
Abscesses in Mice by T. vaginal is
The maximum e f fe c t  which i t  was found possible to  achieve through 
the adm in is tra tion  of leupeptin by various routes to  mice in fected  
subcutaneously w ith trichomonads is  shown in Figure 21. There was in  
th is  case a delay in appearance of the lesions u n t i l  3 days post­
i n f e c t i o n ,  a f t e r  which th e  le s io n s  grew a t  th e  normal r a t e .  
M etronidazole, administered as d e ta i le d  in Figure 21, completely  
p reven ted  growth o f  subcutaneous le s io n s .  O th er  dose le v e ls  and 
adm in is tra tion  schedules were tes ted , as d e ta i le d  in Table 32, but no 
combination produced a g reater  e f fe c t  than th a t  described in Figure  
21. Higher doses o f leupeptin than those shown in Table 32 and given 
in travenously  ra p id ly  k i l l e d  the mice. The subcutaneous adm in is tra tion  
o f the in h ib i to r  caused lo ca lised  necrosis, even at 50 mgkg"* which 
severely l im ite d  i t s  use by th is  route .
3 . 5 . 4 .  The E f f e c t  o f  L e u p e p t in  on Grow th  o f  T r ic h o m o n a d s
In tra v a g in a l ly  in Mice
Mice in t ra v a g in a l ly  in fected  with T. vagina l is  6950 Male were 
t r e a t e d  w ith  le u p e p t in  using th e  same dosage schedule  as in  th e  
experiment with subcutaneously-infected mice as d e ta ile d  in Figure 21. 
The re s u lts  (Table 33a) show th a t  leupeptin a t th is  leve l had no 
e f fe c t  on the in travag in a l in fe c t io n s ,  whereas mice tre a te d  with  
m e tro n id a z o le  a t  50mgkg~* o r a l l y  f o r  5 days p o s t - i n f e c t i o n  were  
completely cured. To in v es t ig a te  whether in h ib i t io n  o f the trichomonad 
proteinases a ffec ted  the establishment o f in fe c t io n s ,  a trichomonad 
c u ltu re  was incubated overnight in the presence o f 50ugml“ * leupeptin  
and then in o c u la te d  i n t r a v a g i n a l l y  in to  m ice . Some mice became 
in fe c ted , however, even though in th is  experiment, none o f the control  
mice did (Table 33b). This again demonstrates the v a r i a b i l i t y  o f the
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Figure 21. The E f f e c t  o f  Leupeptin  on P roduction  o f  Subcutaneous  
Abscesses in Mice by T. vag ina l is
50mg (kg body w eigh t)- * leupeptin  were administered to  mice 
at each o f the times indicated by the arrows. T. vag ina l is  
63 was used. Key: ■  , co n tro l;  ▲ ,  50mg (kg body weight) *
leupeptin given three times; # ,  metronidazole a t  15mgkg * 
administered at 2, 18 and 24 hours p o s t- in fe c t io n  ( p . o . ) .
Leupeptin was administered in travenously.
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Table 32. E ffe c t  of Leupeptin on the Growth o f Subcutaneous Abscess in 
Mice
Leupeptin 
per dose 
(mgkg- 1 )
T. vagina l is  
• l in e
Times o f  
Adm inistration  
(hrs p i)
Route E ffe c t
200 G3 2, 18, 24 IP 0
400 G3 2, 18, 24 IP 0
50 G3 2,
OOrH 24 IV IV48
50 G3 2, 18j 24 IV i v 72
50 G3 2, 18, 24 IV 0
50 G3 2, 12, 18 IV 0
50 G3 2, 18, 24, 44 IV I v48
50 G3 2, 18, 24, 44, 68 IV i v 48
50 G3 2, 18, 24 SC I*
200 IR78 2,
COrH 24 SC I*
350 IR78 -1, 0, 2, 4 IV+IP I
50 39 in vivo 2, 18, 24 IP 0
100 39 in vivo 2, 18, 24 IP 0
200 39 in vivo 2, 18, 24 IP IV72
Key: IP , in tra p e r ito n e a l  route; IV , intravenous route; SC, 
subcutaneous ro u te ;  0 ,  no e f f e c t ;  I ,  s l i g h t  s lo w ing  o f  
abscess growth; I I ,  slowing o f abscess growth; I I I ,  large  
s low ing  o f  abscess grow th; IV X , d e la y  in  appearance o f  
abscess growth u n t i l  x hours p o s t- in fe c t io n ;  V, complete 
in h ib i t io n  o f abscess growth. local toxicity observed.
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Table 33. The E f fe c t  of Leupeptin on Growth of Trichomonads
Intravaginally in Mice
(a)
Number
Experiment o f  mice
% s t i l l in fec ted a f t e r
7 days 14 days 21 days
CONTROL 7 15 15 15
LEUPEPTIN* 7 30 30 15
METRONIDAZOLE13 7 0 0 0
a, 50mgkg“ * three  times in f i r s t  24 hours p o s t - in fe c t io n ,  
intravenous adm in is tra tion ; b, metronidazole 50mgkg“  ^ ip fo r  
5 days p . i .
(b)
Experiment
Number 
of mice
% s t i l l in fected a f t e r
7 days 14 days 21 days
CONTROL 10 0 0 0
LEUPEPTIN* 10 20 20 20
a, trichomonads incubated overnight in 50^gml~l leupeptin
p r io r  to  inoculation.
Number % s t i l l in fec ted a f t e r
Experiment r  * -OT mice
10 days 18 days 42 days
CONTROL 6 70 70 70
LEUPEPTIN® 6 50 50 50
METRONIDAZOLE13 6 0 0 0
a, leupeptin 50mgkg * p .o . fo r  5 days p o s t- in fe c t io n  (days
-/or 5"olacjs t . p .
3, 4, 5, 6, 7 );  b, metronidazole 50mgkg y,  T. vag ina l is  6950 
Male was the is o la te  used fo r  a l l  o f these experiments.
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model, but the f in d in g  of two in fected  mice in the experiment group 
provides good evidence th a t  pretreatment o f p aras ites  with leupeptin  
did not abolish i n f e c t i v i t y .  A fu r th e r  experiment was performed in 
which mice were trea ted  with 50mgkg~* o r a l ly  fo r  5 days p o s t- in fe c t io n  
and again leupeptin trea ted  mice remained in fec ted  even up to  42 days 
a f t e r  in fe c t io n .
3 . 6 .  STUDIES ON THE ROLE OF POLYAMINES IN THE PATHOGENICITY OF
Trichomonas vag ina l is
3 .6 .1 .  O rn ith ine  Decarboxylase A c t iv i t ie s  o f Recent Iso la te s
A range o f recent iso la tes  o f T. vag ina l is  were assayed fo r  t h e i r  
o rn ith in e  decarboxylase a c t i v i t y .  This was performed by Dr Mick North 
o f  S t i r l in g  U n iv e rs ity ,  using published procedures (North et  a l . ,  
1986); the resu lts  are shown in Table 15.
3 .6 .2 .  The E f f e c t  o f  th e  O r n i th in e  D ecarboxy lase  I n h i b i t o r ,  
D if lu ro m e th y lo r jth in e  on the C y to to x ic ity  o f T. vag ina l is  
towards Mammalian Cell Lines
The r e s u l t s  fro m  5 e x p e r im e n t s  t o  d e t e r m in e  w h e th e r  
difluorom ethylornith ine a ffec ted  the in te ra c t io n  between T. vag ina l is  
G3 and mammalian c e l ls  are summarized in Table 34. In the contro l  
experiments in which difluromethylonvithine was not used, trichomonads 
were found to have no e f fe c t  on the myeloma c e l ls  when a t ra t io s  o f  
2 0 /1  and 1 0 /1 .  At a 5 /1  r a t i o  o f  mammalian cel 1s / t r ic h o m o n a d s , 
however, the mammalian c e l l  c u ltu re  was completely destroyed w ith in  
26-48 hours, whereas although the myeloma c e l ls  were also completely  
destroyed at the 2/1  r a t io ,  the trichomonads in monoculture a t the  
same c o n c e n tra t io n  a ls o  overgrew . In th e  -presence o f  ImM fX- 
difluorom ethylo 'n ith ine (DFMO), however, the trichomonads had an e f fe c t  
only when at the 2/1 r a t io ,  and again at th is  density  the trichomonads 
in monoculture also overgrew.
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Table 34. Inhibit ion of the Cytotoxic ity of T. v a g i n a l i s  towards
<rn
Mammalian Cell Lines by D if lu o ro m e th y lo j i th in e
RATIO CONTROL DFMO (ImM)
MAMMALIAN CELLS: --------------------------------------------------------------------------------------
TRICHOMONADS A B C D A B C D
20:1 44 00 44 00 44 00 44 00
10:1 44-48 00 44-48 00 44-48 00 44-48 00
5:1 44-48 26-48 97-116* 00 44-48 00 44-48 00
2:1 97-116* 20-48 70-116* 00 74-97* 70-74 97-116* 00
This ta b le  shows the range of re su lts  found in 5 separate
experiments. T. v ag ina l is  G3 was the trichomonad l in e  used. 
Key: A, time point fo r  trichomonads in monoculture to  d ie ;
B, time point fo r  mammalian c e l ls  in mixed c u ltu re  to  d ie ;
C, time point fo r  trichomonads in mixed c u ltu res  to  d ie ; D,
, ★
time point fo r  mammalian c e l ls  in monoculture to  d ie ;  , 
trichomonads overgrew.
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To determine whether the e f fe c t  could be explained simply in 
terms of leupeptin in h ib i t in g  the growth of T. v ag ina l is  trichomonads 
were cu ltured  under the same conditions in mixed HOMEM/MDM medium in  
the presence o f various concentrations o f DFMO and t h e i r  growth curves 
monitored. The resu lts  are shown in Figure 22. They show th a t  no 
s ig n if ic a n t  in h ib i t io n  o f trichomonad growth occurred under these  
conditions even in the presence o f 5mM DFMO.
3 .6 .3 .  The E ffe c t  o f Difluoromethylornithine on the Production o f  
Subcutaneous Abscesses in Mice by T. vag ina l is
The maximum e f fe c t  which i t  was found possible to  achieve through 
th e  a d m in is t r a t io n  o f  DFMO to  mice in f e c t e d  subcu tan eous ly  w i th  
trichomonads is  shown in Figure 23. There was in th is  case a delay in  
appearance of the lesions u n t i l  4 days p o s t - in fe c t io n ,  a f t e r  which the  
le s io n s  grew a t  the  normal r a t e .  M e t r o n id a z o le ,  a d m in is te re d  as 
d e ta i le d  in Figure 23, completely prevented growth o f subcutaneous 
les ions . Other dose leve ls  and adm in is tra tion  schedules were tested  as 
d e ta ile d  by Table 35, but no combination produced a g re a te r  e f fe c t  
than th a t  described in Figure 23.
3 .6 .4 .  The E ffec t o f D ifluorom ethylom ithine on Growth o f Trichomonas 
In t ra v a g in a l ly  in Mice
Mice in t ra v a g in a l ly  in fec ted  with T. vag ina l is  6950 Male were 
tre a ted  with DFMO using the same dose schedule as in the experiment 
w ith  s u b c u ta n e o u s ly - in fe c te d  mice as d e t a i l e d  in  F ig u re  2 3 .  The 
re su lts  are given in Table 36a. They show th a t  DFMO at th is  leve l  
appeared to have no e f fe c t  on the in travag in a l in fe c t io n s ,  whereas 
mice trea ted  with metronidazole at 50mgkg body weight- * o r a l ly  fo r  5 
days p o s t- in fe c t io n  were completely cured. To in v es t ig a te  i f
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Figure 22. Growth o f  T. vaginal is  in HOMEM/MDM in the Presence
- o f D ifluorom ethylornith ine  
T. vag ina l is  G3 was incubated^ in -  " 1 HOMEM/MDM
medium in 5% CO2 , 95% a i r .  Key: # ,  contro l; Oj5mM DFMO.
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Figure 23. The E ffec t of D ifluorom ethylorn ith ine  on Production of 
Subcutaneous Abscesses in Mice by T. vag ina l is
T .vag in a l is  G3
was the trichomonad l in e  was used. Key: O ,  c o n tro l;  □ ,
750mg (kg body weight)- * DFMO at each of times ind icated  by 
arrows (p .o . ) ;  # ,  metronidazole, 15mgkg- * administered at
2, 18 and 24 hours p o s t- in fe c t io n  ( p . o . ) . n=3^means 1S.D.
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Table 35: E ffe c t  of DFMO on the Production o f Subcutaneous Abscesses 
in Mice
DFMO/dose
b.w .)
Is o la te
TIMES OF ADMINI­
STRATION (hours 
p o s t- in fe c t io n )
EFFECT v ia route:
I . P . P.O I .V . S.C. IV+IP
150 G3 2, 18, 24 0 ° , IV72. 0
300 0
600 0 , 1
1000 0
500 IR78 2, 18, 24 0 0
75 G3 2, 18, 24, 44, 68 IV96
150 IV96
300 V
600 0
1000 0 0
150 IR78 2, 18, 24, 44, 68 0
150 G3 2, 18, 24 + d a i ly  
fo r  6 days
IV 7 2
750 G3 -2  and 3 x d a i ly  fo r  
5 days
IV96
750 G3 - 1 ,  0 , 1, 3 , 4 IV
500 IR78 -1 ,  0 , 2, 4 IV
Key: IP , in tra p e r i to n e a l  route; IV , intravenous route; S .C . ,  
subcutaneous ro u te ;  IV + IP ,  50% in tra v e n o u s  and 50% 
in tra p e r ito n e a l  route; 0 , no e f fe c t ;  I ,  s l ig h t  slowing o f  
abscess growth; I I ,  slowing o f abscess growth; I I I ,  la rge  
s lo w ing  o f  abscess grow th; IV ^ ,  d e la y  in  appearance o f  
abscess growth u n t i l  x hours p o s t- in fe c t io n ;  V, complete 
in h ib i t io n  of abscess growth.
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Table 36. The Effects of Difluoromethylornithine on Growth of
Trichomonads Intravaginally in Mice
Experiment
Number 
of mice
% s t i l l in fected a f t e r
7 days 14 days 21 days
CONTROL 7 15 15 0
DFMO® 7 30 30 15
METRONIDAZOLE15 7 0 0 0
a, 750mgkg ,  three  doses per day fo r  5 days p o s t - in fe c t io n
and 2 hrs p r io r ‘ to  in fe c t io n  (see Figure 23 );  b , 50mgkg_1
p .o . fo r  5 days p o s t- in fe c t io n  (day 3, 4, 5 , 6 , 7) •
Experiment
Number 
o f mice
% s t i l l in fec ted a f t e r
7 days 14 days 21 days
CONTROL 10 0 0 0
DFMO® 10 30 20 0
a, trichomonads incubated overnight in ImM DFMO p r io r  to
in fe c t io n
Experiment
Number 
o f  mice
% s t i l l in fec ted  «a f te r
10 days 18 days 42 days
CONTROL 12 75 70 70
DFMO® 12 92 100 100
METRONIDAZOLE15 12 0 0 0
a, 1000mgkg~* p. o  ^ 3 times fo r  5 days p o s t- in fe c t io n
b, as fo r  (a)
T. v a g i n a l i s  6950 Male was th e  i s o l a t e  used f o r  th ese  
experiments. Drugs were administered o r a l ly .
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in h ib i t io n  o f the trichomonad proteinases a ffec ted  establishment o f  
the in fe c t io n ,  a trichomonad c u ltu re  was incubated overnight in the  
presence o f ImM DFMO and then inoculated in tra va g i nal ly  in to  mice. 
Some mice, again became in fected  even though none o f the control mice 
did demonstrating the v a r i a b i l i t y  o f  the model but a lso in d ic a t in g  
th a t  pretreatment of paras ites  with DFMO did not abolish i n f e c t i v i t y .  
A fu r th e r  experiment was c a rr ie d  out increasing the dose o f DFMO from 
750 mgkg"! three  times d a i ly  fo r  5 days to  1000 mgkg” * using the same 
dose regime, (Table 36c) again, however, no e f fe c t  was observed on the  
trichomonad in travag in a l in fe c t io n .
3 .7 .  STUDIES ON THE POSSIBLE ROLE OF METHANETHIOL IN THE HOST-PARASITE
RELATIONSHIP
The p ro d u c tio n  o f  m e th a n e th io l  w i t h in  tr ichom onads has been 
detected (Thong et  a l . ,  1987) although the ro le  o f th is  compound is  as 
ye t uncerta in . A possible ro le  o f methanethiol in the h o s t-p a ra s ite  
re la t io n s h ip  was investiga ted  using the homocysteine desulphurase 
in h ib i te d ,  D ,L-propargylg lyc ine  which in h ib i ts  methanethiol produc­
t io n .  I f  th io ls  are important in the in te ra c t io n ,  D ,L-propargy lg lyc ine  
should antagonise the in te ra c t io n  and methionine should increase i t ;  a 
series  o f experiments was undertaken to  te s t  t h is .
The e f fe c ts  o f D ,L -propargylg lyc ine  on T. vag ina l is  in axenic  
c u ltu re  in MDM was studied by Dr K.W. Thong who found th a t  the growth 
ra te  was not a ffec ted  by the presence o f 10”  ^ M D ,L -propargy lg lyc ine  
or 15mM m eth io n in e  in th e  medium. The fo rm e r compound, however,  
t o t a l l y  in h ib ite d  the a c t iv i t i e s  o f homocysteine desulphurase and 
m eth ion ine-catabo liz ing  enzymes w hile  the l a t t e r  resu lted  in the  
production of g reater  amounts o f th io l  including methanethiol (Thong 
et a l . ,  1987).
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3 .7 .1 .  Methane Thiol Production by Trichomonas vag ina l is  Iso la tes  
The rates o f th io l  production by various trichomonad iso la te s  and
t h e i r  content o f  re la te d  enzyme a c t iv i t i e s  were determined by Dr K.W. 
Thong in  our l a b o r a t o r y ,  but th e r e  were found to  be o n ly  m inor  
d iffe rences  between the is o la te s  (Thong e t  a l . ,  1987). Hence, no 
c o rre la t io n  leve ls  w ith in  trichomonads and pathogenic ity  was ev id en t.
3 .7 .2 .  The E f fe c ts  o f  P ro p a rg y lg ly a n e  and M e th io n in e  on th e  
Cytopathogenicity o f  T. vag ina l is
Experiments were c a rr ie d  out to  see i f  these compounds a ffec ted  
the in te ra c t io n  o f T. v ag ina l is  w ith mammalian c e l l s .  The re s u lts  are  
shown in Tables 37 and 38. I t  was found th a t  the presence o f  15mM 
methionine or 10”^M propargylg lycine in the in te ra c t io n  medium had no 
e f fe c t  on the  c y to to x ic i ty  of the trichomonads towards the Hela c e l ls  
(Table 3 7 ) .  When s im i la r  experiments were c a rr ie d  out using myeloma 
c e l ls  i t  was found th a t  whereas propargyl g lycine  at 10”^M had no 
e f fe c t  on the in te ra c t io n  at 10- ^M the compound t o t a l l y  in h ib i te d  the  
cytopathogenic ity  o f the trichomonads when a t a 5 /1  r a t io  and even 
caused a delay in the in te ra c t io n  when at a 2 /1  r a t io  o f  myeloma/ 
trichom onads was used. I t  was found , however, t h a t  under th e  
conditions used the compound in h ib i te d  the growth o f  trichomonads in 
m o n o c u l t u r e .  C l e a r l y  t h e  a p p a r e n t  e f f e c t  on t r ic h o m o n a d  
c y to p a th o g e n ic i ty  could s im p ly  be a r e f l e c t i o n  o f  t h i s  growth  
in h ib i t io n .  Propargylglycine a t  10"^ and 10"^M completely in h ib i te d  
the c e l ls  in te ra c t io n ,  even when a t a 2 /1  r a t io .
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Table 37. E f fe c t  o f Propargyl glycineJ^)n the In te ra c t io n  o f T .vag in a l is  
with Mammalian C e lls  in v iv o .
Ratio  
Mammalian 
C els /
trichomonads
CONTROL METHIONINE 
. (15mM)
PROPARGYLGLYCINE
(10"5M)
z/ / J / ' 49 ,119 / 0 049 95
49 /  95 49 /  95 /  00
/
9 5 /  00
49 .95 00
49 /9 5  .00119
/
1 1 9 / / 2 8 / 7 1  ^ 0 0  
95 v /2 2 ^ 7 1  /  00 
1 K 2 2 % 7 1 / \ 0 0
The trichomonad l in e  used was T. vagina l is  G3. Key: A, time  
point fo r  trichomonads in monoculture to  d ie ; B, time point  
fo r  mammalian c e l ls  in mixed c u ltu re  to  d ie ; C, time point  
fo r  trichomonads in mixed c u ltu r  to d ie ; D, time point fo r  
mammalian c e l l s  in m onoculture  to  d ie ;  , tr ichom onads  
overgrew;f f, no cytopathogenic e f f e c t c y t o p a t h o g e n i c  
e f fe c t  occurred; , cytopathogenic ity  but trichomonads
also overgrew in monoculture.
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3 .7 .3 .  The E ffe c t  of Propargylglycirve on T. vag ina l is  in vivo
3 .7 . 3 .1 .  The Subcutaneous Model
Three batches o f T. vagina l is  6950 Male were grown in MDM. One
was in cubated  f o r  th e  f i n a l  18 hours in  th e  presence o f  15mM
methionine, w h i ls t  a second was incubated fo r  the same period with  
10 ^M propargylg lycine . The th i r d  batch was incubated in MDM without  
ad d it ions . The re s u lta n t  paras ites  were inoculated in to  the f lanks  o f  
B a lb /c  mice using th e  s tandard  procedure  and th e  growth o f  th e  
subcutaneous lesions was monitored.
The resu lts  are shown in Figure 24. I t  was found th a t  a l l  lesions  
i n i t i a l l y  grew at a s im i la r  ra te  and a l l  reached approximately the  
same volume. In one experiment (Figure 24) there  was an apparent
s u b s e q u e n t  d e c r e a s e  in  th e  s i z e  o f  l e s i o n s  cau sed  by b o th  
propargylg lyc ine- and m eth ionine-treated  trichomonads. In repeat  
experiments, however, th is  was not found and the lesions caused by 
untreated and p ro p arg y lg lyc in e -trea ted  paras ites  grew a t a s im i la r  
ra te  throughout the experiment.
3 .7 .3 .2 .  The In travag in a l Model
A number of experiments were performed to  te s t  the e f fe c t  o f
p r o p a r g y lg ly c in e  and m e th io n in e  on th e  growth o f  T. v a g i n a l i s  
i n t r a v a g i n a l l y  in m ice . The r e s u l t  o f  i n f e c t i n g  mice us ing  th e  
standard procedure except th a t  the trichomonads had been incubated fo r  
18 hours p r io r  to  use with 10- ^M propargylglycine are shown in Table  
3 9 .  The r e s u l t s  show t h a t  f a r  few er o f  the  mice in o c u la te d  w i th  
p ropargy lg lyc ine -trea ted  trichomonads became and remained in fe c te d .  In 
a d d i t io n ,  those th a t  became in fe c t e d  had f a r  few er  tr ichom onads  
present in the vagina at the time of wash-out than control mice. This 
was a consistant e f fe c t  as demonstrated by the re su lts  in Table 39a. 
Treatment of the mice themselves with propargylg lycine v ia  the
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Figure 24. E ffe c t  o f Methionine and Propargylglycine on the Growth of  
Subcutaneous Abscesses
T. vagina l is  6950 Male was the trichomonad l in e  used. Key: 
# ,  con tro l;  □ ,  15mM methionine; ■ ,  10~^M propargylg lyc ine .
The trichomonads were grown for 18 hrs in the presence of 
inhibitors prior to inoculation and resuspended in fresh 
n = 3 , means ( ±S. D. ) . '
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Table 39. The E f f e c t  o f  M e t h io n in e  and P r o p a r g y l g l y c i n e  on 
In travag in a l I n f e c t i v i t y  o f T. vag ina l is  6950 Male 
(a) ------------------------------------------------------------------------------------------------------------
Number % s t i l l  in fec ted  a f t e r
Experiment o f mice -------------------------------------------------------------
7 days 14 days 32 days
A CONTROL 10 90* 90* 90*
PROPARGYAGLYCINE 10 50 30 40
B CONTROL 12 30 17 -
PROPARGYLGLYCINE 12 17 0 —
Experiments A + B, 18 hour p£e-incubation o f  trichomonads 
with 10~^M propargylg lycine; , f a r  fewer trichomonads in  
vaginal wash outs than in those from the contro l mice.
(b) . . . . ---------------------------------------------------------------------------------------------------------
Number % s t i l l  in fec ted  a f t e r
Experiment o f  mice --------------------------------------------------------------
7 days 14 days 32 days
CONTROL 12 30 17
METHIONINE 12 30 30
18 hour pre-incubation  o f trichomonads w ith 50mM methionine.
(c) ----------------------------------------------------------------------------------------------------------
Number % s t i l l  in fec ted  a f t e r
Experiment o f  mice ------------------------------------------------
7 days 14 days
CONTROL 8 12 12
PROPARGYLGLYCINE 8 38 38
a, 25mg kg“ * given 3hr p r io r  to  in fe c t io n  and 4hr p o s t- in fe c t io n  
and twice d a i ly  fo r  the next 4 days
(d) --------------------------------------------------------------------------------------------------------------
Number % s t i l l  in fec ted  a f t e r
Trichomonad Line o f mice
7 days 28 days
6950 Male CONTROL 10 80 40
METHI0NINEa 10 60 60
2755 in vivo CONTROL 10 40 0
METHI0NINEa 10 20 0
a, lOOmM m e th io n in e  added to  MDM + 0.32% agar p r i o r  to  
in fe c t io n .
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in tra p e r ito n e a l  route had no observable e f f e c t .  I t  was found th a t  
addition  o f  methionine to  the growth medium o f the trichomonads did  
not appear to  increase or decrease t h e i r  i n f e c t i v i t y  (Table 38b) and 
s im i la r ly  in f e c t i v i t y  was apparently  unaffected by the add ition  o f  
lOOmM methionine to  the suspension medium in which the trichomonads 
were inoculated in to  the vaginas o f the mice.
3 .8 .  STUDIES OF THE MECHANISMS INVOLVED IN THE CYTOPATHOGENICITY OF 
TRICHOMONADS TOWARDS MAMMALIAN CELLS
As i l lu s t r a t e d  in a previous section (Section 3 .2 .1 )  most o f  the  
trichomonad l in es  tested had a marked e f fe c t  on mammalian c e l l  l in es  
when placed with them in a mixed c u ltu re .  The trichomonads caused 
com plete d e s t r u c r t io n  o f  th e  mammalian c e l l  m onolayers but th e  
mechanisms of th is  cytopathogenic ity  were unknown. Experiments were 
th e re fo re ,  ca rr ied  out in an attempt to  e lu c id a te  the mechanisms 
involved.
3 .8 .1 .  The E f f e c t s  o f  F a c t o r s  E x c r e te d  o r  S e c r e t e d  fro m  
Trichomonads on Mammalian Cells  
The e f fe c ts  on a mammalian c e l l  monolayer of the medium from a 
mixed trichomonad/mammalian c e l l  c u ltu re  in which the mammalian c e l ls  
had been lysed (c a lle d  ' In te r a c t io n  Medium') was studied and compared 
with the e f fe c ts  produced by medium in which trichomonads had grown in 
monoculture, and by lysates o f both mammalian c e l ls  and trichomonads. 
The re su lts  are shown in Table 40. They show th a t  in te ra c t io n  medium 
from the three iso la tes  tested  a l l  produced a damaging e f fe c t  on 
mammalian c e l l  monolayers. This damage was not prevented by leupeptin  
at 50ugml~* or DFMO at ImM, although there are in d ica tions  th a t  they  
had some in h ib i to ry  e f fe c t .  A c la r i f y in g  e f fe c t  was also observed when 
MDM i t s e l f  was added to the mammalian c e l ls  in large amounts, however
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Table 40. The E f f e c t s  o f  F a c t o r s  E x c r e te d  o r  S e c r e t e d  fro m  
Trichomonads on Mammalian C e lls
APPEARANCE OF MONOLAYER AFTER: 
TEST SOLUTION ----------------------------------------------------- ---------------
24 HOURS 48 HOURS 64 HOURS 72 HOURS
INTERACTION MEDIUMG 3 I I I I I I I IV
im45 0 I I I I I I I
im2755 0 m I I I I I I
IMg3  (+ LEUPEPTIN) 0 1 I I I I I
IM4 5  (+ LEUPEPTIN) 0 0 I I I I I
IM2755 (+ LEUPEPTIN) 0 I I I I I I I I
imG3 (+ 0 FM0) I I I I IV IV
IH4 5  (+ DFMO) 0 0 0 I I I
IM2 7 5 5  (+ ^FMO) 0 0 I I I I I
MDM 0 I I I I I IV
EMEM(HELA) 0 0 0 0
MDM + EMEM 0 0 0 0
ememG 3 0 I I I IV IV
emem4 5 0 0 I I I I I
emem2 7 5 5 0 I I I IV IV
HELA CONTROL 0 0 0 0
G3 LYSATE 0 0 0 0
45 LYSATE 0 0 0 0
2755 LYSATE 0 0 I I I I
HELA LYSATE 0 0 0 0
Hela c e l l  monolayers in the wells  o f t issue c u ltu re  p la tes
were used fo r  th is  experiment. IMX, in te ra c t io n  medium i . e .
medium in  which trichom onad l i n e  x had d estro ye d a l l
mammalian c e l ls but trichomonad c e l ls  were s t i l l  in log
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Table 40 (contd.)
phase; IMX + LEUPEPTIN, 50ugml~* leupeptin  added to  w ells  
p r io r  to  the in te ra c t io n  media; IMX + DFMO, ImM DFMO added 
to  the wells  p r io r  to  in te ra c t io n  medium; MDM, 1ml modified  
Diamond's medium added to  Hela c e l l  monolayer; EMEM (HELA), 
lml EMEM in which a Hela c e l l  monolayer had grown was added 
to  the te s t  monolayer; MDM + EMEM, 0.75ml EMEM was mixed 
with 0.25ml MDM and added to  the te s t  monolayer; EMEMX, 
cu ltures  o f trichomonad l in e  x were grown in EMEM by adding 
a high i n i t i a l  density o f  trichomonads, also suspended in  
EMEM u n t i l  log phase was reached, trichomonads were then 
removed by c en tr ifu g a t io n  followed by f i l t r a t i o n  through 
0.45u m il l ip o re  f i l t e r ,  the used EMEM medium was then added 
to  the te s t  monolayer; x LYSATE, trichomonad l in es  x were 
c u l t u r e d  in  MDM to  a d e n s i t y  o f  5 x 1 0 ^  m l” * th e n  
resuspended in  EMEM and lysed  by s o n ic a t io n .  Key to  
d e s c r ip t io n  o f  Hela  c e l l  m onolayers: 0 ,  as c o n t r o l ;  I ,  
looked unhealthy; I I ,  some c e l ls  unattached, m a jo r i ty  s t i l l  
a t ta c h e d ;  I I I ,  most c e l l s  u n a tta c h e d ; IV ,  a l l  c e l l s  
unattached; V, a l l  c e l ls  lysed.
Typical resu lts  representa t ive  o f 4 experiments are shown.
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EMEM and the mixture o f  MDM and EMEK used as the in te ra c t io n  medium 
had no e f f e c t .  The media from axenic T. vag ina l is  cu ltu res  also had a 
severely damaging e f fe c t  on the mammalian c e l l  monolayer, whereas 
lysates o f the trichomonads and Hela c e l ls  had l i t t l e  or no e f f e c t .
3 .8 .2 .  Studies on the 'C e ll-D e tach ing  Factor'
Q u a n t i t ie s  o f  ' c e l l - d e t a c h i n g  f a c t o r '  (CDF) as d e sc r ib e d  by 
Kreigev, Poisson and Rein (1986) were produced and i t s  e f fe c t  was 
tested against mammalian c e l l  monolayers. The re s u lts  are shown in  
Table 41. The re su lts  showed th a t  a damaging e f fe c t  on the monolayer 
did occur and th is  was lessened but not prevented by the presence, o f  
le u p e p t in  whereas DFMO appeared to  have no e f f e c t .  In  a s i m i l a r  
experiment CDF produced no e f fe c t  (although th is  CDF was produced 
without the adjustment o f the pH), Table 42, although in te ra c t io n  
medium which had not been processed to form CDF did have an e f f e c t .
3 .8 .3 .  The E ffe c t  of Separating the Cell Types by a Membrane
To study whether the cytopathogenic ity  depended upon contact 
between the trichomonads and the mammalian c e l ls ,  experiments were 
carr ie d  out using a 0.45um pore s ize  membrane to  separate the c e l l  
types but at the same time a llowing the same medium to  bathe both the  
trichomonads and the mammalian c e l ls .  The re su lts  are shown in Table  
43. I t  was found th a t  c y to to x ic i ty  was completely blocked by th is  
physical separation.
In a s im i la r  experiment using g re a te r  numbers o f trichomonads i t  
was found again th a t  there  was no cytopathogenic e f fe c t  observed even 
though the trichomonads in the separated mixed c u ltu re  reached f a i r l y  
high d e n s it ie s ,  fo r  example, o f approximately lO^ml- * (Table 4 4 ) .
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Table 41: Effect of Cell-Detaching Factor on Mammalian Cell Monolayers
E ffe c t  on monolayer a f t e r  72 hours:
TEST SOLUTION
CDF 1 CDF 2
CDF (0.3m l) I I I IV
CDF (0.2m l) I I I IV
CDF (0.1m l) I I I I I I
CDF (0.05ml) I I 0
CDF + LEUPEPTIN
(o-SwO
I N.D.
CDF + DFMO N.D. I l l
EMEM (HELA) 0 N.D.
HELA (CONTROL) 0 N.D.
CONTROL + LEUPEPTIN 0 N.D.
CONTROL + DFMO N.D. 0
HELA LYSATE 0 N.D.
Hela c e l l  monolayers in the w ells  o f  t is s u e  c u ltu re  p la tes  
were used. CDF, c e ll -d e ta c h in g  fa c to r ;  CDF + LEUPEPTIN, 
50ugml” l  leupeptin added to  well before CDF; CDF + DFMO, ImM 
DFMO added to  well p r io r  to  CDF; EMEM (HELA), medium in  
which Hela c e l l  monolayer had previously  grown, 1ml added to  
w ells ;  HELA c o n tro l ,  Hela c e l l  monolayer with no add itions;
HELA LYSATE, Hela c e l l  m onolayer detached and lysed  by 
sonication , 1ml added to  w e l l .  Key to  descrip tion  o f c e l l  
monolayers: 0, as co n tro l;  I ,  looked unhealthy; I I ,  some 
c e l ls  unattached, m a jo r ity  s t i l l  attached; I I I ,  most c e l ls  
unattached; IV, a l l  c e l ls  unattached; V, a l l  c e l ls  lysed. 
Representatives of 4 experiments shown.
D. , not done. CDF-j and C D F 2 were 2 ba t c h e s  of CDF p r o d u c e d  in 
e s t a n d a r d  way.   _ _
Table 42. E ffe c t  of Cell Detaching Factor and Various Lysates on a 
Mammalian Cell Monolayer
APPEARANCE OF MONOLAYER AFTER:
22 HOURS 44 HOURS 67 HOURS 88 HOURS 112 HOURS
CDF 0 0 0 0 0
CDF + LEUPEPTIN 0 0 0 0 0
HELA + DFMO 0 0 0 0 0
HELA + LEUPEff'^ 0 0 0 0 0
CDF + DFMO 0 0 0 0 0
EMEM (HELA) 0 0 0 0 0
MDM + EMEM (2755) 0 I I I I I I IV V
IM 2755 0 I I I I I IV V
HELA LYSATE 0 0 0 0 0
2755 LYSATE 0 0 I I I I I I
MDM 0 0 0 I I I I
HELA CONTROL 0 0 0 0 0
Representative o f 4 experiments shown. Key: CDF, cel 1-detaching
fa c to r ;  + LEUPEPTIN, 50ugml * leupeptin added to w e l l ;  + DFMO,
ImM DFMO added to w e l l ;  EMEM (HELA), medium in which Hela
monolayer had previously grown, 1ml added to  w e l l ;  MDM + EMEM
(2755), T. vaginal is 2755 c u ltu re  grown in EMEM + MDM mixture
( 3 : 1  r a t i o )  to  lo g  p h a s e , a l l  c e l l s th e n removed by
c en tr ifu g a t io n  followed by f i l t r a t i o n  and 1ml added to  monolayer; 
IM 2755, medium from an in te ra c t io n  between T. vag ina l is  2755 and 
Hela c e l ls  a f te r  Helas had been lysed, 1ml added; LYSATE, c e l ls  
lysed in to  EMEM by son i cat ion; MDM, 1ml MDM added to monolayer. 
Key to  d e s c r ip t io n  o f m onolayer: 0 , as c o n t r o l ;  I ,  looked  
unhealthy; I I ,  some c e l ls  unattached; I I I ,  mostly unattached; IV, 
a l l  c e l ls  unattached; V, a l l  lysed.
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Table 43. The E f fe c ts  upon Trichomonad C y to p a th o g e n ic i ty  o f  P re v e n t in g  
Contact w ith the Mammalian C e lls
RATI O G3 G3 2 7 5 5  2 7 5 5  i n  v i v o
HELA CELLS:  + MEMBRANE i n  v i v o  + MEMBRANE
TRICHOMONADS ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
A B C D  A B C  D A B C D A B C D
2 0 0 : 1  
1 0 0: 1 
5 0 : 1  
2 5 :  1
4 9  00  69 00  49  00 22 00
7 7
4 9  /  6 9 ' 1 0 7  / 0 0 ,
V - y v
^ 3  ^  69 / 8 3 X  00
49 00 69  00
8 3  00  107  00 133
N . D . N . D . s  1 33  v 4 9 , 1 0 7  00  a
: x \ v a a /
49  00  69  00
69 0 0  69  00
1 33  00  133  00
1 33  0 0  1 33  00
Experiments performed using Hela c e l l  monolayers in well o f  
t issu e  cu ltu re  p la tes . | 1, no e f fe c t  on monolayer; ^
m onolayer destroyed  by tr ichom onads; \  , m onolayer  
destroyed but trichomonads also grew in monoculture.
Key as in previous tables.
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T a b le  44: E f f e c t  o f  P re v e n t in g  C ontact between C e l l  Types on
Trichomonad Pathogenicity
Appearance o f monolayer + density  of  
trichomonads a f te r :
Experiment
f\d LIU
Hela c e l ls :  
Trichomonads-
24 
- h rs“ -
65 hours 90 hours
fAooo-
lcV^Q_f
Mono­
layer
Tricho-
monads
Mono­
lay e r
Tricho­
monads
CONTROL
50:1
25:1
10:1
5:1
2:1
1:1
0
0
I I I
I I I
V
V
I I I
V
V
V
V
V
0
5 .4  x 105 
5 .3  x 105 
4 .9  x 105 
5 .1  x 105
4 .5  x 105
I I I
V
V
V
V
V
0
2 .3  x 105 
2 .1  x 105 
O.G. 
O.G. 
O.G.
50:1 0 I 3 .0  x 104 I 5 .0  x 103
25:1 0 I 9 .3  x 105 I 6 .0  x 104
MEMBRANE 10:1 0 I 2 .1  x 105 I 5 .5  x 104
5:1 0 I 1.1 x 106 I 1.1 x 105
2:1 0 I 1 .6  x 105 I 3 .5  x 104
1:1 0 I 1.3 x 106 I 1.2  x 105
50:1 0 I 0 I 0
25:1 0 I 5 .5  x 104 I 1 .0  x 104
MEMBRANE
+ 10:1 0 I 1 .5  x 103 I 4 .5  x 10H
LEUPEPTIN 
(50ugml 1) 5:1 0 I 2 .2  x 105 I 5 .5  x 104
2:1 0 I 1 .0  x 105 I 1 .0  x 104
1:1 0 I 3 .0  x 104 I 5 .0  x 104
50:1 0 I 0 I 0
25:1 0 I 1.1 x 105 I 3 .5  x 104
MEMBRANE
+
10:1 0 I 1.3 x 105 I 3 .0  x 104
DFMO 5:1 0 I 2 .1  x 105 I 4 .5  x 104
(ImM) ,  ,
2:1 0 I 4 .9  x 10J I 5 .5  x 10’
1:1 0 I 1.0 x 104 I 5 .0  x 104
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Table 44 (contd.)
50:1 0 0
25:1 0 0
r .  vagina l is  
in
10:1 1 .0  x 104 1 .2  x 105
monoculture 5:1 5 .0  x 104 1.1 x 106
2:1 4 .5  x 105 2 .0  x 105
1:1 9 .5  x 105 O.G.
Hela c e l l  monolayers in the w ells  o f  a t issu e  c u ltu re  p la te  
were used. Key to  descrip tion  o f appearance o f monolayer: 0, 
as co n tro l;  I ,  looked unhealthy; I I ,  some c e l ls  unattached, 
most s t i l l  attached; I I I ,  most c e l ls  unattached; IV , a l l  
c e l ls  unattached; V, a l l  c e l ls  lysed. Trichomonas vagina l is  
G3 was the trichomonad l in e  used.
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4 .0 .  DISCUSSION
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4 .1 .  MODELS OF THE HOST-PARASITE INTERACTION
Since the  f i r s t  experim ents  perform ed by Hogue in  1943, th e  
in te ra c t io n  of trichomonads with mammalian c e l ls  has been used many 
t im es  to  in v e s t ig a t e  th e  r o le  o f  t h is  pathogen w i t h in  th e  h o s t .  
However, the great v a r ie ty  o f methods used by d i f f e r e n t  authors had 
caused d i f f i c u l t i e s  in the in te rp re ta t io n  and comparison o f re s u lts .  
For example, f requently  d i f f e r e n t  mammalian c e l l  l in es  have been 
selected , and many of these proved to have d i f fe r in g  s u s c e p t ib i l i t ie s
o\o<a
to  trichomonads as reported by Pindak et  a l .  (1986).  Other methodical 
d iffe rences  have included the medium used, the r a t io  o f trichomonad to  
mammalian c e l l  numbers and the duration of experiments. Previous 
workers used medium in which both trichomonads and mammalian c e l ls  
prospered, and used large numbers of trichomonads, the in te ra c t io n  
taking place over only a number of hours. My own experiments were 
designed to introduce a low number of trichomonads to  mammalian c e l l  
cultures  in a medium which would a llow trichomonad surv iva l fo r  a 
short time but not support growth to any great extent (F igure 6 ) .  Thus 
trichomonads only m u lt ip l ie d  i f  c y to lys is  occurred. Consequently, 
there  were c le a r  d iffe rences  between the in te rac t io n s  which exh ib ited  
c y to lys is  by the trichomonads and those th a t  did not. I f  no c y to ly s is  
occurred, mammalian c e l ls  remained healthy and trichomonads died  
w ith in  a few hours; when c y t o ly s is  occurred  th e  mammalian c e l l s  
t o t a l l y  disappeared and the trichomonads m u lt ip l ie d ,  surviv ing  fo r  
many days before f i n a l l y  overgrowing. In other words, to  an ex te n t ,  
th is  was an ' a l l  or nothing' e f fe c t  (Figure 4 ) ,  although there  were 
d i f fe r e n c e s  in the  tim e f o r  c e l l  death to  occur under d i f f e r e n t  
conditions. As shown in Figure 4 there  was a minimum or threshold  
number o f  trichomonads needed to  in v e s t ig a t e  an e f f e c t  on th e  
mammalian c e l ls .  This parameter was exp lo ited  to  compare the numbers
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of trichomonads of d i f fe r e n t  s tra in s  needed to cause c y to ly s is  as a 
measure of t h e i r  v iru lence towards mammalian c e l ls .
The mammalian c e l l  l in e s  used in my e xp er im en ts  were chosen
i n i t i a l l y  fo r  t h e i r  a b i l i t y  to  p r o l i f e r a te  ra p id ly  and ease o f growth.
A ll  the c e l l  l in es  I tested were lysed by trichomonads and t h e i r
t
s e n s i t iv i t y  d i f fe re d  very l i t t l e ,  although the macrophage-like c e l l  
l in e  and primary chick embryo c e l ls  appeared to  be lysed a l i t t l e  more 
slowly than some of the other l in es  tested (Table 7 ) .  Myeloma c e l ls  
were found to  p r o l i f e r a t e  q u ic k ly  but HeLa c e l l s  a t ta c h e d  more 
strongly  to  the flasks  used and were la rg e r  and th e re fo re  c y to ly s is  
was more e a s i ly  monitored using an inverted  microscope. HeLa c e l ls  
were also thought to be most highly  appropriate  because o f t h e i r  
o r ig in  as cerv ica l e p i th e l ia l  c e l ls .
As previously mentioned . a medium was needed which would support 
growth of the mammalian c e l ls  and a llow surv iva l but not growth o f  
trichomonads. A medium with these c h a ra c te r is t ic s  was obtained by 
mixing the trichomonad medium, MDM, with the appropriate  recommended 
medium f o r  the  mammalian c e l l  l i n e  used (T a b le  3 ) .  To p re v e n t  
trichomonad growth in the re su lt in g  mixtures i t  was necessary to  use a 
low i n i t i a l  trichomonad density  but also to  inocu la te  s u f f ic ie n t  
trichomonads so th a t they would not d ie  before c y to ly s is  could begin 
(Table 2 a ,b ) .  Many mammalian c e l l  d ens it ies  were also tested  to  f in d  
which would allow a monolayer to  form and be complete by the end of  
the experiment (Table 2 a ,b ) .  Many of the experiments were performed in 
t issue  cu ltu re  p la tes ; because I thought i t  was l i k e l y  th a t  the oxygen 
concentration may a f fe c t  the survival of trichomonads and also the  
in te rac t io n  with the mammalian c e l ls  the e f fe c ts  o f using d i f f e r e n t  
volumes o f  medium in t is s u e  c u l t u r e  w e l ls  was in v e s t ig a t e d .  The 
hypothesis was that the deeper the c u l tu re ,  the lower the oxygen 
c o n c e n tra t io n  would be a t the  bottom . Indeed , a c o r r e l a t i o n  was
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observed between the number o f trichomonads necessary to  a llow growth 
and the volumes used (Table 5 ) .  Consequently, what appeared to  be the  
most appropriate  volume was chosen fo r  experiments.
Trichomonads were ro u t in e ly  grown in medium containing 10% horse 
serum. D i f fe re n t  growth rates were observed when other sera were used 
and th e re fo re  the e ffe c ts  of using se ra o f various sources in the  
in te ra c t io n  medium were in ves tig a ted . The re su lts  in d ica ted , however, 
th a t  the e ffe c ts  of sera on the in te ra c t io n  mirrored the e f fe c ts  on 
tr ichom onad growth in  MDM a lone  and d id  not appear to  have any 
s ig n if ic a n t  effectjpn the in te ra c t io n  i t s e l f  (Table 6 ) .
The model, th e re fo re ,  was found to  be f a i r l y  easy to  use although 
a number o f days were necessary to  prepare the monolayers, hence 
experim ents  had to  be planned in  advance. However, r e s u l t s  were  
obvious, quick and easy to read using an inverted  microscope. The 
model was found to be s u itab le  fo r  use in te s t in g  various p o te n t ia l  
in h ib i to rs  o f the trichomonad/mammalian c e l l  in te ra c t io n  (Tables 31 
and 3 4 ) ,  as well as fo r  comparing the in te ra c t io n  between d i f fe r e n t  
trichomonad lines  and mammalian c e l ls  (Table 16 ) .  The model was also  
used f o r  in v e s t ig a t in g  th e  h ypothes is  t h a t  tr ichom o njis have a 
pathogenic e f fe c t  on mammalian c e l ls  through mechanical means (Table  
44 ) .
Since Honigberg reported 'th e  subcutaneous mouse assay' in 1961 
the growth o f trichomonads subcutaneously in mice has been used w idely  
fo r  in ves tiga tions  of the in te ra c t io n  of host and p a ra s ite  and also  
f o r  e v a lu a t io n  o f  a n t i t r ic h o m o n a l  compounds in v i v o . My own 
experiments, however, involved c erta in  m odifications o f th is  basic  
method. The addition  of agar to the in o cu la t i  on medium MDM was found 
to be necessary fo r  reproducible lesion growth rates to  be obtained  
(F igure 7 ) .  Honigberg used BBL th io g ly c o l la te  medium which already
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contained agar. I t  is  unknown why agar is  necessary, but possibly i t  
is  required in lo c a l iz a t io n  of the paras ites  at the in je c t io n  s i t e .  
Several s tra in s  of mice were tested fo r  t h e i r  s u s c e p t ib i l i t y  to  T. 
vagina l is  when inoculated subcutaneously (F igure 8 ) .  In te r e s t in g ly ,  
the s t ra in  used by Honigberg, C57/BLACK were lea s t  susceptib le  in my 
experiments, no lesions were produced by the trichomonads in these 
mice. The most susceptib le  s tra in  tested was found to  be Balb/c and 
hence th is  was used fo r  fu r th e r  experiments. In order to  use minimal 
numbers o f mice i t  was important to ascerta in  whether a subcutaneous 
trichomonad in fe c t io n  would produce any la s t in g  e f fe c t  on the mouse or  
whether mice could be reused a f te r  s e l f -c u r in g  and several weeks 
recovery period. A comparison of in fec t io n s  in naive and previously  
in fected  mice revealed th a t  mice could indeed be reused, meaning th a t  
fewer mice were used overa ll  (Figure 9 ) .
Honigberg (1961) reported a c o rre la t io n  between the growth of  
lesions caused by subcutaneous inocu lation  o f T. vag i na l i s  in to  mice 
w ith  symptoms caused by the  same s t r a in s  in  p a t ie n t s  and hence 
b e l ie v e d  t h is  model to  be a good in d i c a t o r  o f  v i r u le n c e  l e v e l s .  
However, he made no attempt to c o rre la te  the s ize  o f lesions to  the  
number o f  trichom onads they  c o n ta in e d .  My own exp erim en ts  d id ,  
however, show th a t  there was a c o rre la t io n  between les ion s ize  and 
number o f trichomonads contained w ith in  les ions , up to  a maximum 
trichomonad number (Figure 10).
Although resu lts  were g enera lly  f a i r l y  reproducib le , c e r ta in  
experiments showed large v a r ia t io n s  between the rates o f les ion growth 
of d i f fe r e n t  groups of mice; rates w ith in  groups were f a i r l y  s im i la r .  
Various experiments were undertaken to  attempt to  a l l e v ia t e  th is  
problem. Mice used fo r  experiments were normally taken when they were 
aged about 10 weeks. This was, however, only an approximate age and 
mice used would have d i f fe re d  in age to an ex ten t .  Nevertheless, a
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comparison o f rates of lesion growth in mice 2 months, 5 months and 7 
months old revealed th a t  w ith in  th is  range, age made l i t t l e  d if fe re n c e  
to  the ra te  o f lesion growth (Figure 11 ) .  Trichomonads were ro u t in e ly  
in jec te d  during log phase of growth, although again, there  was some 
v a r ia t io n  as to  whether mid-log phase or la te - lo g  phase trichomonads 
were used. A comparison o f  le s io n  growth r a te s  r e s u l t i n g  from  
inocu la tion  of log-phase and s ta t io n ary  phase trichomonads, however, 
showed no d i f f e r e n c e ,  whereas le s io n s  due to  th e  in o c u la t io n  o f  
trichomonads from lag phase ap p^red to  grow a l i t t l e  more slowly  
during the la t e r  days o f the experiment (F igure 12 ) .  I t  may have been 
t h a t  th e s e  le s io n s  were a c t u a l l y  growing a l i t t l e  more s lo w ly  
throughout the experiment, but when lesions are very small i t  is  
d i f f i c u l t  to  measure small d if fe rences  between them. Indeed, one o f  
th e  problems a s s o c ia te d  w ith  t h i s  model is  th e  d i f f i c u l t y  in  
accurate ly  q u a l i ta t in g  growth e sp e c ia l ly  in the i n i t i a l  stages. Heat- 
in a c t iv a te d  horse serum from the same source was ro u t in e ly  used in 
medium fo r  a l l  trichomonads used fo r  subcutaneous in o c u la t io n , however 
d i f f e r e n t  batches were used during d i f f e r e n t  periods o f time which may 
have varied s l ig h t ly  in composition. To see i f  th is  may be a problem, 
an experiment comparing ra te  o f growth o f lesions when trichomonads 
were grown up in ,  and in je c te d ,  in media containing d i f f e r e n t  sera was 
performed (Figure 13).
Lesions grew at s l ig h t ly  d i f f e r e n t  rates in the presence o f the  
various sera. However, as such w idely d i f f e r e n t  sera produced such a 
small v a r i a t i o n  in le s io n  growth r a t e ,  i t  is  u n l i k e l y  t h a t  th e  
d if fe re n c e  in composition of batches o f the same sera would have any 
s ig n if ic a n t  e f fe c t  on lesion growth.
Hence, although th is  model did prove o f some use in compar ing 
d i f f e r e n t  trichom onad l in e s  (F ig u re  14) and f o r  t e s t i n g  v a r io u s
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p o te n t ia l  in h ib ito rs  (Figures 21 and 2 3 ) ,  I b e l ie v e  i t s  use to  be 
l i m i t e d  and i t s  re le v a n c e  to  th e  symptoms o f  th e  p a t i e n t  to  be 
dou b tfu l.  The method is expensive and time consuming and the re su lts  
are not easy to  read except when large  d iffe ren ces  in les ion volumes 
are ev ident.
Many a tte m p ts  have been made in  th e  past to  deve lop  an 
in travag in a l model o f trichomoniasis usiug various mammals. The most 
successful appear to  have been in moakeys (Johnson e t  a l . ,  1950) and 
guinea pigs (Kazanowska, 1962) with some success in ra ts  (Meingassner 
& M ieth, 1976). C le a r ly ,  however, the most economical and convenient 
mammalian model fo r  such an in fe c t io n  would be the laborato ry  mouse. 
U nfortunate ly , the few attempts made previously  to  in fe c t  vaginas of  
m ice  w i t h  Tr ich omonas  v a g i n a l i s  w ere  n o t  v e r y  s u c c e s s f u l  
(Cappuccinelli et  a l . ,  1974). Previous workers have suggested th a t  
ovariectomy o f laboratory  rodents followed by hormone treatm ent were 
necessary to  obtain a trichomonad in fe c t io n  (Newton et  a l , ,  1960; 
C a v ie r  & Mossion, 1956a ,b ; Combescot e t  a l . ,  1959; Asami, 1956; 
Meingassner & Mieth, 1976; Cappuccinel1i et  a l . ,  1974).
My own in v e s t ig a t io n s  re v e a le d  t h a t  a lth o u g h  a g r e a t e r  
i n f e c t i v i t y  ra te  was observed in spayed mice, in ta c t  mice could also  
be in fected  and re ta in  the in fe c t io n  fo r  as long as 92 days (Table  
2 3 ) .  Spaying mice proved to be time consuming w ith an unacceptable 
m o rta l i ty  ra te  and as I found th a t  i t  was not essen tia l fo r  in fe c t io n ,  
in ta c t  mice only were used fo r  fu r th e r  experiments. Various numbers o f  
trichomonads were inoculated in to  mice vaginas but numbers in excess 
of 105 organisms did not appear to improve in f e c t i v i t y  ra te  or length  
o f  in f e c t io n  (T a b le  9 ) .  I t  is  p ro b ab le  th a t ,  a minimum number o f  
trichomonads is necessary to es tab lish  an in travag in a l in fe c t io n  but 
t h a t  any number above t h is  minimum makes no d i f f e r e n c e  to  th e  
in fe c t io n .
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The condition of the mouse vagina a t the time o f in fe c t io n  was 
m o n ito re d .  The p a t te r n  o f  i n f e c t i o n  r a t e  appeared to  f o l lo w  th e  
oestrous cyc le , with the highest i n f e c t i v i t y  rates being achieved with  
mice in e a r ly  pro-oestrus and the lowest when the mice were a t  oestrus  
i t s e l f  (Table 10).  In term ediate  i n f e c t i v i t y  rates were achieved with  
other vaginal conditions. I t  is  unknown at present why th is  pa ttern  
occurs. I t  is  thought th a t  during the oestrus cycle  there  are many 
v a r ia t io n s  w i th in  th e  v a g in a l  e n v iro n m e n t,  e .g .  f l u c t u a t i o n  o f  
glycogen le v e ls ,  presence and consistency o f vaginal f l u i d ,  v a r ia t io n  
in qu an tity  and q u a l i ty  o f  the b a c te r ia l  f l o r a ,  thickness o f the  
e p i t h e l iu m ,  p r o l i f e r a t i o n  and d e la m in a t io n ;  and th e  presence o f  
various amounts of oestrogen c i r c u la t in g  in the blood. Glycogen is  
formed in  c o n s id e ra b le  amounts in  th e  vag ina  o f  mice a f t e r  
k e r a t in iz a t io n .  Gregoire and Guiness (1968) studied female hamsters 
and found th a t glycogen was maximal on the day preceding o vu la t io n ,  
followed by a rapid decrease on subsequent days; ovariectomy resu lted  
in  a decrease in  g lycogen . From the  small amount o f  ev idence  
a v a i l a b l e ,  t h e r e f o r e ,  th e r e  is  no c o r r e l a t i o n  between glycogen  
concentration and in f e c t i v i t y  ra te  as shown by our re s u l ts .
The consistency o f the vaginal f lu id  a l te rs  during the oestrus  
cycle (A lle n , 1922) of the mouse, ranging from very viscuous during 
m e ta -o e s tru s  I I  and d i - o e s t r u s  then g r a d u a l ly  d ry in g  up a lm ost  
completely by oestrus and meta-oestrus I .  The lower i n f e c t i v i t y  rates  
o f the cycle appeared to occur w h i ls t  the vagina was ra th e r  dry . The 
qu an tity  o f b acter ia  in the vagina o f mice appears to  reach a maximum 
ju s t  p r io r  to oestrus and remains high throughout oestrus and meta­
oestrus I ,  decreasing ra p id ly  with the in f lu x  o f  leucocytes which 
occurs in met-oestrus I I  (Larsen et  a l . ,  1977). Thus i t  appears th a t  
high numbers o f  b a c t e r ia  appear to  c o r r e l a t e  w ith  th e  low er
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s u s c e p t ib i l i ty  o f mice to  T. v a g i n a l i s . The part played by oestrogen 
in  tr ichomonad in f e c t io n s  is  unknown, a lth o u g h  Honigberg (1 9 7 8 )  
reported th a t  high oestrogen doses adminstered to  mice r e s t r ic te d  the  
ra te  o f subcutaneous lesion growth a t a d i f f e r e n t  s i t e .  However, our 
re su lts  d id  not in d ica te  any d ir e c t  c o rre la t io n  between i n f e c t i v i t y  
and oestrogen le v e ls  except t h a t  some oestrogen  is  necessary  to  
estab lish  the in fe c t io n .  The vaginal ep ithe lium  changes ra p id ly  during  
the oestrus cyc le , varying from a time o f quiescence a t d ioestrus when 
the epithelium  is f a i r l y  th in ,  to  rapid p r o l i f e r a t io n  during pro­
oestrus. The epithelium  is th ic k  and c o rn i f ie d  during oestrus and 
begins to delaminate during meta-oestrus when the lumen o f the vagina 
is  f i l l e d  with c e l l  fragments and heavy leucocyte i n f i l t r a t i o n  begins. 
Maximum i n f e c t i v i t y  appeared to  occur during the period o f rapid  
p r o l i f e r a t io n  and the lea s t  in fe c t iv e  time was during oestrus i t s e l f  
when the epithelium  is th ic k  and c o rn i f ie d .  I t  is  l i k e l y  th a t  these  
great changes in the microenvironment of the vagina o f the mouse have 
an e f f e c t  on the  numbers o f  tr ichom onads p re s e n t  d u r in g  an 
i n t r a v a g in a l  i n f e c t i o n .  I t  is  known, a ls o ,  t h a t  th e  numbers o f  
trichom onads p re se n t in th e  vag in a  o f  a p a t i e n t  s u f f e r in g  from  
trichomoniasis change at d i f f e r e n t  times during the menstrual cycle  
w ith  g r e a t e s t  in f e c t io n  o c c u r r in g  around th e  t im e  o f  th e  menses 
(Kurnatowska, 1958) although no explanation has so f a r  been given. 
Hence, from the information c u rre n t ly  a v a i la b le  i t  is  not possible to  
understand why mice are  more i n f e c t i v e  a t  c e r t a i n  stages o f  th e  
o e s tru s  c y c le ,  but from a p r a c t i c a l  p o in t  o f  v iew  i t  is  b es t to  
inoculate  mice at the proestrus stage.
I t  was found th a t some mice gave a negative wash-out w h i ls t  s t i l l  
c a r r y in g  trichomonads in th e  vag ina  (T a b le  2 4 ) .  Thus mice were  
c o n tin u a lly  tested fo r  trichomonads u n t i l  many consecutive wash-outs 
were negative. One of the drawbacks of th is  method is  the way in which
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in fec t io n s  are detected; i t  is  laborious, not t o t a l l y  accurate and 
only q u a l i t a t iv e .  The s ta te  o f the vagina was a lso monitored a t the  
time th a t  wash-outs were taken from mice known to  be in fected  w ith T. 
v a g i n a l i s  (T a b le  1 0 ) .  Again th e r e  appeared to  be v a r i a t i o n  in  
in fe c t io n  ra te  with d i f fe r e n t  stages o f the cyc le , the highest ra te  o f  
p o s it iv e  wash-outs was found with mice a t oestrus and m eta-oestrus, a 
time when the vaginal epithelium  is th ic k  and beginning to  delaminate. 
The lowest number of p o s it iv e  wash-outs was found during dioestrus and 
proestrus where the th in  ep ithelium  begins rapid p r o l i f e r a t io n .  I t  is  
possible th a t  trichomonads attach more s trongly  w h i ls t  the ep ithe lium  
is  not changing o r  growing and a re  then sloughed o f f  w i th  th e  
c o rn if ie d  c e l ls  a f t e r  oestrus and so are more e a s i ly  detected . This 
would mean th a t  many fa ls e  negative readings would be found. However, 
the e f fe c ts  of changing glycogen le v e ls ,  b a c te r ia l  leve ls  or mucus 
l e v e ls  may a ls o  be in v o lv e d .  There a re  no p re v io u s  re p o r ts  o f  
inves tiga tions  in to  numbers o f trichomonads present during in fe c t io n s  
o f any animal. Although a recent study has attempted to  estimate  
q u a n t i t i e s  o f  trichomonads p re s e n t in  th e  in f e c t e d  human vag in a  
(P h i l ip  e t a l . t 1988).
The e ffe c ts  of t re a t in g  mice with oestrad io l-17B -cyp ionate  in  
various ways were tes ted . Various concentrations o f the hormone were 
in je c t e d  in com binations o f  subcutaneous and i n t r a p e r i t o n e a l  
inocu la tions . A ll mice reached oestrus w ith in  3 days (Table 11).  
Meingassner & M ieth  (1 9 7 6 ) ,  who d evised  th e  method from which I  
developed my own, in jec ted  h a l f  the oestrogen subcutaneously and h a l f  
in t ra p e r i to n e a l ly .  I found, however, th a t g iv ing the oestrogen by the  
s in g le  o r  dual ro u te  appeared to  make l i t t l e  d i f f e r e n c e  to  th e  
s u s c e p t ib i l i ty  of the mouse to  T. vaginal is  and, as in je c t in g  the  
oestrogen a l l  by the subcutaneous route was s im pler, th is  method was
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adopted. Miss D. Markham, in our lab o ra to ry ,  l a t e r  confirmed th a t  
although oestrogen was indeed necessary fo r  in fe c t io n ,  no d if fe re n c e  
in in f e c t i v i t y  occurred when trichomonads were inoculated one or two 
days subsequent to  oestrogen  a d m in is t r a t io n .  Thus i t  seems t h a t  
oestrogen is required but the precise tim ing is  not c r u c ia l .
Many authors had stated th a t  permanent oestrus is  necessary to  
achieve trichomonad in fe c t io n s  in the vagina o f lab ora to ry  rodents 
(Cavier & Mossion, 1956a,b; Asami, 1961; Michaels et  a l . ,  1962).  
However, fo l lo w in g  the  p ro to c o l  advocated by th e s e  au th o rs  o f  
in je c t in g  spayed mice with the lo n g - la s t in g  oestrogen, o e s trad io l-1 7 B -  
cypionate, our resu lts  showed th a t  mice did not a t  any time reach 
permanent oestrus even a f t e r  m u lt ip le  in je c t io n s  o f the hormone (Table  
1 2 a ,b ) .  N e v e r th e le s s ,  i t  was p o s s ib le  to  i n f e c t  th e s e  mice w i th  
trichomonads and the in fe c t io n  was maintained fo r  as long as130days  
(Table 2 4 ) .
Why the oestrogen is necessary is  unknown. I t  is  possible th a t  i t  
is  necessary to produce c e r ta in  conditions w ith in  the mouse vagina a t  
the time o f in fe c t io n  as previously  discussed, however, i t  may be th a t  
th e  oestrogen has some unknown e f f e c t ,  e .g .  on th e  mouse immune 
system.
The course o f in fe c t io n  was monitored by determining the change 
in  p a r a s i t e  numbers w ith  t im e  and th e  d e n s i ty  was found to  be 
s u rp r is in g ly  consistent around 1-2x10^ ml- * (Table 13 ) .  In one case 
the number appeared to drop o f f  d ram atica lly  approximately 20 days 
p r io r  to  the in fe c t io n  d ying out, in d ic a t in g  the dec line  o f  the  
in fe c t io n  although reasons fo r  the sudden decline  are unknown. Counts 
used fo r  monitoring in fec t io n s  were estimates o-f the numbers present 
and t h e r e f o r e  in a c c u r a te ,  t h e r e f o r e ,  a lth o u g h  f l u c t u a t i o n s  were  
observed in the numbers of paras ites  present during an in fe c t io n  i t  is  
unknown i f  these counts represent the s itu a t io n  a c tu a l ly  in the mouse
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vagina. The lack of e f f ic ie n c y  o f using wet smears fo r  detection  of  
trichomonads was demonstrated as many cu ltures  ind icated  th a t  a large  
number o f  trichomonads were present in the vagina w h ils t  wet smears 
were negative . The number o f trichomonads seen in wet smears did not 
appear to  c o rre la te  with the density  o f  the in fe c t io n  in the vagina  
(Table 13).
The development o f a s e n s it iv e  method o f detecting  trichomonad 
proteinases by my co llabora to rs  Dr Barbara Lockwood and Dr Michael 
North o f S t i r l in g  U n ivers ity  (Lockwood et  a l . ,  1987, 1988) led to  
attempts to  use th is  method to  detect the presence o f trichomonad 
proteinases in vaginal wash-outs o f in fected  mice. Although wash-outs 
o f p a r t ic u la r ly  h ighly in fec ted  mice showed th a t  th is  is  possib le , the  
method appeared not to be s e n s it iv e  enough to  detect trichomonads in 
the m a jo r ity  of in fected  mice.
Hence the in travag ina l model, despite  the problems w ith  reading  
the re s u lts ,  proved to be e f f i c i e n t  and useful and was subsequently 
used to  compare trichomonad l in es  and to  te s t  p o te n t ia l  in h ib i to rs  o f  
the h o s t-p aras ite  re la t io n s h ip .
The three models developed, the subcutaneous mouse model, the  
in travag in a l mouse model, and the t issu e  c u ltu re  model were then used 
to  study the ho s t-p a ras ite  in te ra c t io n  in tr ichom onias is , and in so 
doing compared the usefulness o f each o f the models. The model systems 
L developed were used to  compare and assign v iru len ce  lev e ls  to  a 
number o f fresh iso la tes  o f T. vag i na l i s .  Using the mammalian c e l l  
model v iru lence  appeared to  d i f f e r  w idely , and re s u lts  proved to  be 
f a i r l y  consistent (Tables 15 and 16). The subcutaneous mouse model 
a ls o  showed v a r i a t i o n  between i s o la t e s ,  a lth o u g h  th e r e  was much 
overlapping of lesion growth rates and i t  did not prove to be easy to  
use t h is  method to  d is t in g u is h  between i s o la t e s  w ith  s im i l a r
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v iru le n c e , th a t  is ,  the method proved ra th e r  in s e n s it iv e  (F igure 14, 
Table 15j .  The in travag in a l model showed d iffe ren ces  among iso la te s  in 
two ways, th e  number o f  mice which were in f e c t e d  a t  a l l  by th e  
t r ich o m o n ad s, and th e  d u r a t io n  o f  th e  i n f e c t i o n  (T a b le  18'). 
C o rre la t io n  between v iru lence  le v e ls  assigned in each o f the th ree  
models was very  low, w ith  a g r e a t e r  comparison between th e  
in travag in a l and subcutaneous models than e i t h e r  o f  these w ith the  
mammalian c e l l  model (Table 15).
There was also l i t t l e  c o rre la t io n  between the axenic growth rates  
of iso la te s  in v i t r o  and t h e i r  growth in the models used. Although 
d e ta i ls  o f  c l in ic a l  symptoms in p a tien ts  from whom the trichomonad 
l in e s  were requested  from Glasgow Royal In f i r m a r y  th es e  were  
unfortunate ly  unava ilab le .
The lack o f c o rre la t io n  between trichomonad growth in the in 
v i t r o  and in vivo models is  perhaps to be expected as many fac to rs  
which probably have an e f fe c t  on trichomonad growth in vivo are not 
present in the t issue  c u ltu re  model. The lack o f c o rre la t io n  between 
growth o f  tr ichom onads in th e  subcutaneous mouse model and the  
i n t r a v a g in a l  mouse model is  i n t e r e s t i n g  as , in  th e  p a s t ,  th e  
subcutaneous model has been used to  measure v iru lence  o f trichomonad 
l in e s  and to  t e s t  p o t e n t i a l  i n h i b i t o r s  o f  th e  h o s t - p a r a s i t e  
in te ra c t io n  under the assumption th a t  th is  model m irrors  the e f fe c t  o f  
trichomonads in the human vagina. Although, i t  is  unknown whether the  
growth o f  tr ichomonads e i t h e r  in th e  subcutaneous model o r  
i n t r a v a g in a l  model, c o r r e la t e s  w ith  growth and v i r u le n c e  in  th e  
p a tie n t  my resu lts  suggest th a t  the subcutaneous model should be 
investigated  more thoroughly before i t s  use in th is  way.
Since the development of the subcutaneous mouse assay in 1961 
(Honigberg, 1961), i t  has been used by some workers to  show th a t  there  
is  an attenuation of v iru lence  o f trichomonads with prolonged axenic
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in v i t r o  c u l t iv a t io n  (Kulda & Honigberg, 1969), although there  has
been some dispute over th is  (Dohnalova & Kulda, 1975; A lderete  &
Gavza, 1985). My own experiments on is o la te s  which had been c u lt iv a te d
fo r  many months in v i t r o  and the same is o la te s  which had been cu ltured
in vivo in t ra v a g in a l ly  in mice, varied w ith the model used to  te s t
them. The in te ra c t io n  o f these iso la te s  with mammalian c e l ls  did not
re v e a l  any change o f  e f f e c t  (T a b le  21 ) .  There was r a t h e r  la r g e
v a r ia t io n  o f subcutaneous growth ra te  w ith tim e, although a general
trend o f reduction in ra te  was observed (Figs 15 and 16 ) .  There was,
however, a d e f in i te  reduction in in fe c t io n  ra te  in the mouse vagina
and reduced length o f in tra va g in a l surv iva l was seen when an is o la te
was cu ltured  in v i t r o  fo r  over 14 months (F ig 17, Table 2 2 ) .  No such
change occurred  when th e  same i s o l a t e  was passaged in v ivo  
I
in tra v a g in a ly  in mice fo r  a s im i la r  length o f time (Tables 23,24 , 25; 
Figures 17, 18). Thus my re su lts  indicate th a t  trichomonads do lose  
i n f e c t i v i t y  when cu ltured  fo r  proloriged periods in v i t r o  and th a t  
th is  loss o f in f e c t i v i t y  could be prevented by growing the p aras ites  
in vivo in travag in a l ly  in mice. The key changes th a t  occurred are  
unknown, but my work has provided the basic model required fo r  th is  to  
be studied in d e t a i l .  Changes in an tigen ic  s tru c tu re ,  the s tru c tu re  o f  
the outer membrane and biochemical changes could a l l  be studied to  
give some ideas as to  what, in f a c t ,  gives the trichomonads t h e i r  
pathogenic a b i l i t y .
Advantages and disadvantages were apparent w ith each o f the model 
systems developed and used. The mammalian c e l l  model was an 
improvement on previous s im i la r  models as the growth o f trichomonads 
was t o t a l l y  dependent on t h e i r  cy to ly s is  of the mammalian c e l ls  and 
hence must be a d i r e c t  e f f e c t  r a t h e r  than an e f f e c t  o f  a la rg e  
accumulation of metabolic by-products caused by 'overgrowing' of
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trichomonads. Other models reported s u f fe r  from th is  problem, although 
i t  has been c la im ed by many th a t  th ey  a re  u s e f u l .  Th is  ' a l l  o r  
nothing' e f fe c t  of my own model taking place over a number o f days 
ra th e r  than several hours, as used by previous authors, allowed a very  
simple and d ire c t  method o f analys is . Both trichomonads and mammalian 
c e l ls  were c le a r ly  observed through an inverted  microscope and the  
in te ra c t io n  could there fo re  be monitored continuously throughout.
The in v i t r o  system was very easy to  manipulate to  in v e s t ig a te  
aspects o f pathogenicity  e .g .  in the add ition  o f in h ib i to rs  to  the  
in te ra c t io n  and blocking o f attachment. However, the disadvantages o f  
th is  ,model included problems with contamination by yeast c e l l s ,  and 
the need fo r  t issue  cu ltu re  f a c i l i t i e s .  Also inherent d if fe re n ce s  
between experiments may account fo r  some v a r ia t io n ,  e .g .  d if fe ren ces  
in serum batches, there may well have been unequal d i f fu s io n  o f gases, 
and d i f f i c u l t y  in ensuring an equal mixture o f c e l ls  by shaking the  
wells  o f the t issue  cu ltu re  p la te .
Controversy has existed over the r e l i a b i l i t y  o f  the subcutaneous 
mouse model in assigning v iru lence  values which r e la te  to  the p a t ie n t  
(A ld ere te , 1983). I found small d if fe rences  between growth ra tes  o f  
lesions caused by d i f fe r e n t  is o la te s  but there  was r e la t i v e l y  wide 
v a r ia t io n  between experiments which could not be accounted fo r  by 
serum batch or growth phase o f the f l a g e l la t e s .  This c le a r ly  makes 
in te rp re ta t io n  of the resu lts  d i f f i c u l t .  The environment o f the T. 
vagina l is  when growing subcutaneously is c le a r ly  very d i f f e r e n t  from 
th a t  when in vagina, so must be of l im ited  value. Nevertheless, the  
model has some c le a r  uses, fo r  example, when te s t in g  drugs the model 
does give some information on pharmokinetics o f  drugs. Indeed, th is  
model has been used w i t h  some s u ccess  in  t h e  t e s t i n g  o f  
antitrichomonal compounds (Meingassner & Mieth, 1976). However, I 
found i t  on ly  o f l im i t e d  v a lu e  in t e s t in g  f o r  m e tro n id a z o le
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s e n s i t iv i t y  (see l a t e r ) .
The a tte m p t to  develop  a mouse i n t r a v a g in a l  model was an 
ambitious p ro je c t  as the few previous reports suggested th a t  i t  would 
not be easy. The great advantages o f our model include the use o f mice 
which are economical both to  buy, keep and to  take up l i t t l e  space and 
are also easy to  handle. An advantage o f th is  model is  th a t  c le a r  cut 
re su lts  are observed in th a t  the in fe c t io n  is  e i t h e r  p o s it iv e  or  
n e g a t iv e  and comparisons a re ,  t h e r e f o r e ,  very  s im p le ,  a lth o u g h  
negative wash-outs can occur when a mouse is  in fa c t  s t i l l  in fec ted  so 
care  must be ta k e n .  The low i n f e c t i v i t y  r a t e  we ach ieved  was 
d is a p p o in t in g  but not u n s u rp r is in g  when compared to  th e  r a t e  o f  
i n f e c t i v i t y  in human experimental models (Asami & Nakamura, 1955). 
A nother d is ad van tag e  is  th e  lack  o f  e s ta b l is h m e n t  o f  a t r u e  
pathogenesis, most mice remain apparently symptomless, although the  
in fe c t io n  can la s t  fo r  several months. However, th is  model is  a more 
appropriate  one than the subcutaneous in fe c t io n  fo r  the study o f  
pathogenic ity  and other aspects of the h o s t-p a ra s ite  in te ra c t io n  (e .g .  
immune response, about which l i t t l e  is known) and also fo r  a n t i -  
trichomonal drug te s t in g .
U nfortunate ly , although v iru lence  leve ls  could be assigned to  
fresh iso la te s  using each o f the models developed, the re su lts  from 
the th ree  did not c o r re la te  w e l l .  This suggests th a t  a d i f f e r e n t  
aspect o f  the trichomonads and trichomoniasis is  revealed by each o f  
the models. I t  would appear th a t  fu tu re  studies o f trichom oniasis  
should advance th is  point and c le a r ly  the re su lts  produced from use o f  
ju s t  a s in g le  method must be in te rp re ted  with caution and should not 
be extrapo lated  to the human in fe c t io n  in d is c r im in a te ly .
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4 .2 .  METRONIDAZOLE RESISTANCE
Reports o f  m e tro n id a z o le  r e s i s t a n t  tr ichom onad s t r a in s  have
a
incresed since 1966 when De Carneri found th a t  a T. vagina l is  s t r a in ,  
from a p a t ien t  re fra c to ry  to  treatm ent with m etronidazole, had a 
minimum le th a l concentration o f 12ugml- * assessed in v i t r o . Much 
g rea te r  resistance has been found since e .g .  Lossick et  a l .  (1986) 
found e leven  is o la t e s  t h a t  could  s u rv iv e  up to  200ugml~* o f  
metronidazole.
Our own t e s t in g  o f  i s o la t e s  from p a t ie n t s  r e f r a c t o r y  to  
metronidazole treatment sent to  us by c l in ic ia n s  supported the view  
th a t  l in es  o f T. vaginal is  re s is ta n t  metronidazole to  occur widely in  
B r i ta in .  There are not previous reports on t h is .  This poses some 
problems fo r  the c l in ic ia n  because o f the r is k  o f carcinogenesis and 
m utagenesis w ith  in c reased  doses o f  m e tro n id a z o le .  A lthough  
metronidazole has proved to  be safe at the doses used ro u t in e ly  fo r  
treatment of trichomonads, the e f fe c ts  o f ever increasing doses to  
combat re s is ta n t  iso la tes  is unknown. I t  has re cen tly  been reported  
th a t  higher intravenous doses o f metronidazole are e f fe c t iv e  in curing  
re s is ta n t  cases (Dubrowski et  a l . ,  1987). Nevertheless, there  is  no 
genera lly  accepted treatment fo r  re s is ta n t  cases and there  is  a need 
fo r  new drugs. However, a t the moment no a l te r n a t iv e  to  metronidazole  
is  a v a i l a b l e  so the  models I developed were used to  d e v is e  drug  
regimes fo r  t re a t in g  m etro n id azo le -res is tan t l in e s .
The subcutaneous mouse assay was used to  te s t  the e f fe c ts  o f  
metronidazole in vivo and c le a r ly  demonstrated th a t  there  are large  
diffe rences  between the concentrations needed to  cure our laboratory  
s tra in s ,  T. vaginal is  G3, and the known re s is ta n t  s t r a in ,  IR78 (Figure  
19). However, great v a r ia t io n  was observed between experiments and 
various dose regimes and routes of adm in is tra tion  were tested  in an 
attempt to  minimize t h is .  I t  was found th a t the g reates t e f fe c ts  of
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metronidazole were achieved when the drug was administered in three  
doses a t 2, 18 and 24 hours p o s t- in fe c t io n  (Table 26). This may be 
because when three doses are given the leve l o f  metronidazole in the  
mouse's body remains high throughout the period when the trichomonad 
in fe c t io n  is  becoming estab lished . This ind ica tes  th a t  the dose given  
may in h ib i t  the establishment o f in fe c t io n  ra th e r  than be d i r e c t ly  
le th a l  to  the trichomonads themselves. More consistent re su lts  were 
obtained when metronidazole was administered in t r a p e r i to n e a l ly  ra th e r  
than o r a l ly  probably due to  metronidazole having an e f fe c t  on gut 
f lo r a  as sometimes, with high doses, d iarrhoea was observed which may 
f lush  out any metronidazole which has come out o f so lu tion  in the gut.  
Also uptake may be more e f f i c i e n t  or quicker when the in tra p e r i to n e a l  
route was used. Although the subcutaneous model proved very v a r ia b le ,  
a d i f f e r e n c e  between a m e tro n id a z o le  s e n s i t i v e  s t r a in  and a 
m etro n id azo le -res is tan t s t ra in  was detectab le  (F igure 19 ) .  D ifferences  
in  m e tro n id a z o le  s e n s i t i v i t y  could  a ls o  be d e te c te d  using th e  
in t r a v a g in a l  mouse model (T a b le s  27,28,29), in  f a c t ,  s i m i l a r  
metronidazole concentrations were needed to  cure in fe c t io n s  o f the  
same is o la te  in subcutaneous and in tra va g in a l in fe c t io n s .  These lev e ls  
were a ls o  r e f l e c t e d  in  th e  minimum l e t h a l  c o n c e n tra t io n s  o f  
metronidazole in v i t r o  (Table 30). Thus, in th is  case, the various  
models gave s im i la r  re s u lts .
Hence, the in vivo models developed may be used to  determine drug 
concentrations and regimes necessary to  cure metronidazole re s is ta n t  
trichomonad in fec t io n s  and to  te s t  new drugs and compare these with  
the e f fe c ts  of metronidazole.
4 .3 .  THE ROLE OF PROTEINASES IN PATHOGENICITY OF Trichomonas vagina l is
Proteinases have been found in many p a ra s i t ic  protozoa including  
T. vaginal is  (Aissi et  a l . ,  1983; Goldberg et  a l . ,  1982; Coombs, 1982;
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North, 1982; Coombs & North, 1983). The function of these enzymes in 
T. vagina l is  has not been e lu c id a ted , however, a ro le  in the host-  
p a ras ite  re la t io n s h ip  is  suggested by a s im i la r  ro le  o f  proteinases in  
the p a r a s i t ic  protozoan, Entamoeba h i s t o l y t i c a  (Lushbaugh & Pittman, 
1982).
Lockwood et  a l .  (1987) found th a t  trichomonad proteinases were of  
th e  c y s te in e  type  and t h a t  th e  d i f f e r e n t  i s o la t e s  c o l le c t e d  had 
d i f f e r e n t  enzyme patterns on haemoglobin and g e la t in  g e ls .  Using these 
gels i t  was also possible to  detect prote inase a c t i v i t y  released in to  
the medium by T. vagina l is  is o la te s ;  e x t r a - c e l lu la r  enzymes present 
during log phase were q u a l i t a t iv e ly  d i f f e r e n t  from in t r a c e l lu la r  
prote inases. As I have reported T. vagina l is  proteinases could also be 
detected in the vaginal wash-outs of mice in t ra v a g in a l ly  in fec ted  with  
T. v ag i na l i s .  Thus, there  was c ircum stan tia l evidence to  suggest th a t  
proteinases may play a c ru c ia l ro le  in the h o s t-p a ra s ite  in te ra c t io n  
in tr ichom oniasis.
Our mammalian c e l l  c u ltu re  model was used to  detect in h ib i t io n  o f  
c y to to x ic i ty  by the cyste ine proteinase in h ib i to r ,  leu peptin . The 
a d d i t io n  o f  le u p e p t in  to  th e  model p reven ted  th e  i n t e r a c t i o n  o f  
trichomonads and mammalian c e l ls  in d ica t in g  th a t  cyste ine  proteinases  
are involved in th is  in te ra c t io n  (Table 31').
The e f fe c t  o f leupeptin on the growth o f subcutaneous abscesses 
in the mouse was examined. Although in h ib i t io n  o f les ion growth was 
not to ta l  a delay in lesion development occurred (F igure 2 1 ) ,  thus 
in d ica tin g  th a t  w h ils t  the concentration o f leupeptin  w ith in  the mouse 
was s u f f ic ie n t ly  high, trichomonad and lesion growth did not occur. 
However, once the  c o n c e n tra t io n  o f  le u p e p t in  had dropped th e  
trichomonads and hence, the les io n , were able to  grow. This ind icates  
t h a t  a lthough c y s te in e  p ro te in a s e s  may be in v o lv e d  in th e  h o s t -
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p a r a s i t e  i n t e r a c t io n  th ey  a re  not e s s e n t ia l  f o r  s u r v iv a l  o f  
trichomonads w ith in  th is  s i t e  o f the host fo r  some days a t le a s t .
The e f fe c ts  of leupeptin  on the in travag in a l in fe c t io n  o f  mice 
was also studied. Leupeptin administered in t r a p e r i to n e a l ly  decreased 
the number o f mice in fected  by the trichomonads; th is  was compared to  
the e f fe c t  o f  metronidazole in th is  model which completely cured the  
in fe c t io n .  Again th is  o u tl in es  the fa c t  th a t  metronidazole is  le th a l  
to  the trichomonads themselves through i t s  t o x ic i t y  whereas leupeptin  
is  not t o x ic  to  th e  trichom onads a t  th e  c o n c e n tra t io n s  used but  
deprives the paras ites  o f cyste ine  proteinases which may be necessary 
fo r  the h o s t-p a ras ite  in te ra c t io n .
L e u p e p tin ,  t h e r e f o r e ,  t o t a l l y  b locks  c y t o t o x i c i t y  in  v i t r o  
although i t s  e f fe c ts  on in vivo models o f the trichomonad in fe c t io n  
are less dramatic suggesting th a t  although cyste ine  proteinases are 
involved in the h o s t-p a ra s ite  re la t io n s h ip  other fac to rs  may play an 
important ro le  and the p ic tu re  is more complex in the host.
The find ings from the use o f leupeptin  show the value o f the  
models developed as, a x e n ic a lly  in v i t r o  leupeptin has no e f fe c t  on 
trichomonads whatsoever, probably because the complex medium, MDM, 
supplies in useable form, many of the fac to rs  needed fo r  trichomonad 
growth which are not present in the environment o f the host. Hence, 
t e s t in g  compounds f o r  p o t e n t i a l  use as drugs f o r  t re a tm e n t  o f  
trichomoniasis should not be l im ite d  to  the use o f trichomonads in  
axenic c u ltu re .
4 .4 .  THE ROLE OF POLYAMINES IN PATHOGENICITY OF Trichomonas vagina l is
L in s te ad  and Cranshaw (1 983 ) re v e a le d  t h a t  th e  pathway o f  
a r g in in e  c a ta b o lis m  in tr ichom onads in v o lv e d  th e  p ro d u c tio n  o f  
o rn ith in e  fo r  biosynthesis o f polyamines, the presence o f the primary 
enzyme o f th is  pathway, o rn ith in e  decarboxylase, confirmed t h is .  The
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exact metabolic function of polyamines is unknown although a ro le  in 
th e  h o s t - p a r a s i t e  r e la t io n s h ip  is  suggested by re p o r ts  o f  th ese  
compounds in vaginal washings from p a tien ts  w ith trichomonads (Chen et  
a l . ,  1982). North et  a l .  (1986, 1987) found th a t  the major polyamine 
present in T. vaginal is  and T. f oe t us  was putrescine , the product o f  
o rn ith in e  decarboxylase re ac t io n . Treatment o f T. vagina l is  w ith  Oc- 
difluoromethylornithine (DFMO), a s p e c if ic  i r r e v e r s ib le  in h ib i t o r  of  
o rn ith in e  decarboxylase, reduced the leve l o f  i n t r a c e l lu la r  o rn ith in e  
decarb o xy la se  a c t i v i t y ,  y e t  growth a x e n i c a l l y  in v i t r o  was o n ly  
s l ig h t ly  a f fe c te d .
The o r n i t h in e  d e ca rb o x y la s e  a c t i v i t y  o f  f re s h  i s o la t e s  was 
assayed by Dr Michael North o f S t i r l in g  U n iv e rs ity  (Table 1 5 ) .  A wide 
v a r ia t io n  in a c t iv i t i e s  was observed, although un fo rtu n ate ly  these did  
not appear to  c o rre la te  with v iru len c e  as determined by our in vivo or  
our in v i t r o  models.
Experiments with the o rn ith in e  decarboxylase in h ib i t o r ,  DFMO, in 
the mammalian c e l l  model revealed , as did leu p ep tin , th a t  c y to to x ic i ty  
was t o t a l l y  in h ib ite d  in the presence o f th is  compound (Table 3 4 ) ,  
th is  also was shown to  be an e f fe c t  on the in te ra c t io n  ra th e r  than on 
the c e l l  types alone (Figure 2 2 ) .
An e f fe c t  of DFMO was observed on the growth o f subcutaneous 
lesions in mice, although, once again in h ib i t io n  o f les ion growth was 
not t o t a l .  A d e la y  in  le s io n  growth o f  a p p ro x im a te ly  3 days was 
observed as the maximum e f fe c t  (F igure 2 3 ) ,  once the lesions did  
appear, however, they grew a t a s im i la r  ra te  to  contro l les ions . The 
most consistent e f fe c ts  w ith DFMO were observed when the in h ib i to r  was 
administered o r a l ly  to the mice in m u lt ip le  doses (Table 3 5 ) .
The e f fe c t  of DFMO on the in travag in a l in fe c t io n  was studied.  
Results were s im i la r  to those found fo r  leupeptin in th a t  although 
metronidazole was shown to  completely h a l t  in fe c t io n s ,  no in h ib i t io n
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was observed when mice were t r e a t e d  s i m i l a r l y  w ith  DFMO (T a b le  
36 a , b , c ) .
I t  i s ,  th e re fo re ,  l i k e l y  th a t  polyamines have some ro le  in the  
trichomonad h o s t-p a ras ite  re la t io n s h ip  as c y to to x ic i ty  in v i t r o  is  
prevented by the o rn ith in e  decarboxylase in h ib i t o r ,  DFMO, however, the  
ro le  is  more complicated than may f i r s t  appear as suggested by the  
re su lts  in the in vivo models.
Again, there  appears to  be some p o te n t ia l  fo r  DFMO as an a n t i -  
trichomonad agent p a r t ic u la r ly  due to  i t s  low t o x ic i t y  and te s ts  in 
humans have already shown some success against trypanosomiasis.
4 . 5 .  THE ROLE OF METHANETHIOL IN THE TRICHOMONAD HOST-PARASITE
RELATIONSHIP
Methanethiol is produced by Trichomonas vagina l is  as a re s u lt  o f  
methionine catabolism (Thong et  a l . ,  1987). This compound is thought 
to  be o f  im p o r ta n c e  in  some p l a n t s  f o r  i t s  a n t i f u n g a l  and 
a n t ib a c te r ia l  q u a l i t ie s  as a d e te rran t against invading pathogenic 
m icroorgan ism s. As th e  r o le  o f  m e th a n e th io l  in trichom onads was 
unknown, we a ttem pted  to  d is c o v e r  i f  i t  p layed  a r o le  in the  
in te ra c t io n  o f trichomonads with other microorganisms in the vagina as 
well as host c e l ls  and so was important in a id ing establishment o f the  
p a ra s ite .
I t  was hypothesized th a t  methanethiol might aid in fe c t io n  o f the
host by trichomonads by re p e l l in g  competing b a c te r ia  and fungi in the
vaginal environment. Studies were undertaken using both an in h ib i to r  
of methanethiol production and methionine, the presence of which 
stim ulates the production of m ethanoth io l.
The effects of both of these compounds on the interaction of T.
vaginal is  with mammalian cells showed that neither one inhibited or
stimulated cytolysis (Table 37). Inhibition of cytolysis by
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propargylglycine was achieved when high leve ls  of the in h ib i to r  were 
added but a t  these  le v e ls  th e  i n h i b i t o r  a ls o  has an e f f e c t  on 
trichomonad growth alone and hence the in h ib i t io n  o f c y to ly s is  in th is  
case was probably an in d ire c t  e f fe c t  o f th is  in h ib i t io n  o f trichomonad 
growth. Using the subcutaneous mouse model, n e i th e r  methionine nor 
propargylg lycine appeared to have any appreciable  e f fe c t  on les ion  
growth (Figure 24 ) .
O ve rn ig h t  in c u b a t io n  o f  tr ichom onads in  th e  presence o f  
propargylglycine and methionine p r io r  to  in fe c t io n  in t ra v a g in a l ly  in 
mice d id , however, show some in te re s t in g  re s u l ts .  Although methionine  
appeared to have no e f fe c t  on the in fe c t io n  r a te ,  propargylg lycine  
g re a t ly  in h ib ite d  the percentage o f mice th a t  became in fected  by T. 
vagina l is  and those mice which did become in fected  lo s t  the in fe c t io n  
more r a p id ly  than c o n tro l  mice (T a b le  3 9 a , b , c , d ) .  However, th e  
in h ib i t io n  of i n f e c t i v i t y  by propargylg lycine did not occur when mice 
were t r e a t e d  w ith  the  compound in s te a d  o f  p re in c u b a t io n  o f  
trichomonads. Only a small dose was used in the experiment, however, 
which may account fo r  th is  negative r e s u l t .  C le a r ly  more experiments 
should be carr ied  out to fo l lo w  up these f in d in g s .
Hence, resu lts  suggest th a t  methanethiol doses have a ro le  in the  
h o s t-p a ras ite  re la t io n s h ip ,  but i t  is  one th a t  can be detected only  
using th e  in t r a v a g in a l  mouse model and t h e r e f o r e  supports  th e  
hypothesis of an involvement in re p e l l in g  competing micro-organisms 
ra th e r  than a ro le  in c y to to x ic i ty .
4 .6 .  MECHANISMS INVOLVED IN CYTOPATHOGENICITY OF TRICHOMONADS TOWARD
MAMMALIAN CELLS
C ontroversy  has e x is te d  f o r  many yea rs  as to  th e  n a tu re  o f  
pathogenicity  of T. vaginal is  towards i t s  human host. There have been 
those who advocate the theory that attachment or contact is necessary
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fo r  T. vaginal is  to lyse mammalian c e l ls  and those who be lieve  th a t  
c y to to x ic i ty  is  mediated by an unknown d i f f u s ib le ,  to x ic  substance. 
There are also a few authors who have sta ted  th a t  the most probable  
answer is  th a t  a combination of both these methods is involved as 
discussed in  S ec tio n  1. Our mammalian c e l l  model was used to  
in v es t ig a te  the mechanisms involved in c y to to x ic i ty .
The e f fe c t  o f fac to rs  secreted from trichomonads in the presence 
of mammalian c e l ls  was tested in the mammalian c e l l  model. Table 40  
shows th a t  f i l t e r e d  medium in which trichomonads had lysed mammalian 
c e l ls  was capable o f c y to ly s is  and th a t  leupeptin  and DFMO delayed 
th is  e f f e c t .  Although the trichomonad medium MDM alone was detrim ental  
to  mammalian c e l ls  the combination used fo r  in te ra c t io n  experiments 
supported mammalian c e l l  growth. Medium in which trichomonads had 
grown a x e n ic a lly  also had an e f fe c t  on the mammalian c e l l s .  Lysates of 
a l l  but the most h ighly  v ir u le n t  trichomonad s t ra in  tesed had no 
e f fe c t  on mammalian c e l ls  and lysates of HeLa c e l ls  also had no e f fe c t  
on whole c e l ls  of the same type (Table 4 0 ) .
The data , th e re fo re ,  in d ica te  th a t  trichomonads do secrete  some 
to x ic  substances while  growing both in the presence and absence o f  
mammalian c e l ls .  Pindak et  a l .  (1986) asserted th a t  although a to x ic  
substance was sec re te d  by tr ichom onads t h i s  was too  weak to  be 
detected unless used in a concentrated form which they c a l le d  ' c e l l -  
detaching fa c to r  (CDF). We tested  our own CDF made in the same way as 
described by Pindak et  a l .  (1986) (Tables 4 2 ,4 1 ) .  CDF did in fa c t  have 
an e f fe c t  on mammalian c e l ls  although th is  appeared no stronger than 
th a t of non-concentrated media in which trichomonads had grown. Again 
leupeptin and DFMO had no e f fe c t  on cy to ly s is  caused by CDF.
The e f f e c t  o f  p h y s ic a l  s e p a ra t io n  o f  th e  tr ichom onads and 
mammalian c e l ls  in the mammalian c e l l  model, by a membrane allowing
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fre e  d if fu s io n  of molecules was studied. Table 43 shows th a t  the  
separation o f T. vagina l is  G3 from mammalian c e l ls  by a membrane 
t o t a l l y  in h ib ite d  c y to ly s is .  Again with T. vagina l is  2755 cy to ly s is  
was t o t a l l y  in h ib ite d  although trichomonads s t i l l  overgrew at higher  
i n i t i a l  d e n s it ie s .  Table 44 shows th a t  although trichomonads do grow 
to  a r e la t i v e ly  high density  w ith in  m i l l ip o re  c e l ls  t h e i r  e f fe c t  on 
mammalian c e l ls  is  minimal.
The data suggest th a t  although trichomonads do secrete  some to x ic  
substances which aid cy to ly s is  o f mammalian c e l ls ,  contact is  o f g reat  
importance a lso . The fa c t  th a t  trichomonads grow to  a higher density  
when p h y s ic a lly  separated from mammalian c e l ls  than when in t o t a l l y  
axenic c u ltu re  suggests th a t  the f la g e l la te s  do again something from 
the presence o f mammalian c e l ls  and th is  view is  supported by the  
observation th a t  in th is  s itu a t io n  mammalian c e l l  monolayers s u f fe r  
some damage although are not t o t a l l y  d isrupted .
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